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PKEFACE. 



The following pages have the honour, and at the 
same time, the disadvantage of being the first work 
published — ^in this country — on the Conversion of Stone 
by Machinery. The disadvantage to an Author in not 
having books of reference on the subject on which he 
treats is sufficiently obvious; and some of the short- 
comings of the present work will, the Author trusts, be 
kindly attributed to this cause. Although the conversion 
of stone is one of the most ancient of all the mechanical 
arts, its conversion by means of machinery — in an 
advanced form — is quite of modern origin. Much has 
been done during recent years to develop this branch 
of engineering, and although many obstacles have 
presented themselves, very marked success has abeady 
been attained. Ample scope, however, remains for still 
further improvements. 

In erecting stone-working machinery it is of the highest 
importance that its principle of working be adapted to the 
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nature of the stone to be operated on ; and by judicious 
employment it can, without doubt, be made to effect an 
immense saving over hand-labour. 

The Author having had considerable experience in the 
construction of stone-working machinery, trusts the hints 
he gives may be found of service to those about to erect 
such machinery, as well as to others who have it already 
in operatioD. 

20, BuooE Row, London, E.C., 
Apnl, 1884. 
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STONE-WORKING MACHINEEY. 



CHAPTER I. 

INTRODUCTORY. 

One of the most ancient of all the mechanical arts is that 
of working and preparing stone for building purposes. 
This is abundantly proved by the remains discovered in 
Egj'pt, Greece, and other countries ; and that the art of 
the stonemason was also one of considerable importance 
many centuries ago, can hardly be doubted, from the 
constant reference made to it in Holy Writ and other 
ancient histories. Notwithstanding the important part 
the stonemason has played for centuries in the con- 
struction of the great monuments and buildings of the 
world, it is a somewhat astonishing fact that, till within 
comparatively recent years, no improvement of importance 
— so far as at present can be gathered — has been effected 
in the processes of stoneworking, and Hie ancient mode of 
sawing stone by means of a plate of iron stretched in a 
frame, and reciprocated horizontally by the hands of a 
sawyer seated before it, is still largely practised. 

According to Manetho, Ssesorthus introduced the art 
of building with hewn stone ; but the Phcenicians are 
probably entitled to the credit of being the first users of 
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the stone-saw, for we read that they erected the Temple 
of King Solomon of stone saAvn within and without. 
The first buildings, however, of stone to which a date has 
been assigned, are the Pyramids of Ghizeh. 

According to Diodorus, the great w^all surrounding 
the city of Nineveh was 100ft. high, and so broad that 
three chariots might drive abreast. Xenophon says that 
this wall, up to 50ft. high, was composed of blocks of 
fossiliferous limestone, smoothed and polished on the 
outside. A tower is also in existence composed of large 
blocks of marble, cut with great exactness, and joined 
together without mortar or cement of any kind ; the roof 
consists of four l^ge slabs of stone, reaching entirely 
across from side to side, and measuring about 24ft. in 
length, and 6ft. in width, and from 18in. to 3ft. in 
thickness. The slabs are cut to slope each way from the 
diagonal lines, and were originally carefully clamped 
together with iron clamps. A large portion of the 
masonry of the palace at Khorsabad was of stone, square 
hewn and of great size, laid dry and backed with bricks. 

The obelisks, monoliths, and colossi of Ancient Egypt 
now in existence prove, without shadow of doubt, that 
the art of quarrying stone was well imderstood by 
the Egy]:)tians thousands of years ago. The obelisks 
transported from the quarries of Syene, at the First 
Cataracts, to Thebes and Heliopolis, vary from 70ft. to 
93ft. in length. The largest monolithic obelisk in 
Egypt is that at Karnak, and is calculated to weigh 297 
tons. The statue of Eameses II., when entire, is stated 
to have weighed 887 tons, and no monuments of bygone 
ages have excited more wonder, controversy, and specula- 
tion, as to the manner of their quarrying, transport, and 
erection, than those of Ancient Egypt. 

Ancient paintings taken from Thebes illustrate the 
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various operations of bevelling, squaring, and chiselling 
stone. The straight-edge used, appears to be a taut 
cord, and the chisels and mallets much like our own. In 
a tomb at Thebes workmen are represented mounted on 
a scaffold, and working at a sitting Colossus of granite, 
and in the large platform of the Temple of Baalbec are to 
be found worked stones 64ft*, 63ft. 8in., and 63ft. long, 
with a height and width of 13ft. 

Of the eai-ly history of stone-working by what may 
properly be called machinery, very little is known. 
Ausonius speaks of water-mills for cutting stone being 
•erected as early as the fourth century, on the small river 
Roeur in Germany ; but what these mills consisted of is 
mot stated. It is recorded, however, that the earliest forms 
of stone saws consisted of flakes of flint imbedded in a 
'woodien blade, and held in position by a composition of 
bitumen. 

Pliny conjectures that the saw-mill for cutting stone 
^as invented in Caiia ; at least he knew of no building 
covered with marble of greater antiquity than the Palace 
of King Mausolus, at Halicarnassus. This was erected, 
according to one authority, 350 b.c. This edifice is cele- 
brated by Vitruvius for the beauty of its marble : and 
Pliny gives an account of the kind of sand used for 
cutting it; for "it is the sand," he says "and not the 
saw, which produces that effect." The latter presses 
down the former, and rubs it against the marble ; and the 
coarser the sand is the longer will be the time required to 
polish the marble which has been cut by it. It appears 
that stones of the soapstone-rock kind, which are much 
softer than marble, were sawn at this period ; but it is 
recorded that far harder glassy kinds of stone were sawn 
or cut also ; for we are told of the discovery of a building 

which was encrusted with cut agate, camelian, lapis-lazuli> 

B 2 
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and ametliysts.* The ancient Egyptians doubtless prac- 
tised to a considerable extent the art of stone- cutting, as 
many arched vaults of cut stone were found amongst the 
ruins of Nineveh, and some are still remaining at Thebes. 
The magnificent masonry of the Parthenon at Athens, 
and many other ancient Greek temples, shows that stone 
conversion was in a considerable state of development in 
several countries many centuries ago, and it is generally 
allowed that in the remains of ancient Greece the best 
models of unmixed Doric, Ionic, and Corinthian archi- 
tecture are to be found. 

Crassus is credited with being the first Roman who 
embellished his house with sawn marble about 90 B.C., and 
it is recorded that several palaces of the Caesars were made 
of it Cornelius Nepos states that Mamurra, at a little 
later date, was the first to use marble in this way, whilst 
Artemis of Caria states that sawn marble was used for 
building purposes several hundred years before these 
dates. 

In Italy, the dome of the Pantheon at Rome, which is 
a hemisphere of 139 ft. dia., and the vaulted roofs of the 
halls of the Baths of Diocletian and Caracalla, may be 
cited as simple but gi'andly-executed specimens of Early 
Italian stonework. The dome of St. Peters at Rome, 
built from the designs of Michael Angelo at the close of 
the 16th centur}^, affords a great example of the more 
modem Italian school of stone-working. The ancient city 
of Syracuse, in Sicily, exhibits remains which conclusively 
prove, both from its buildings, and the enormous disused 
stone quarries which exist in the neighbourhood, that 
stone quarrying and stone-working were practised here in 
ancient days to a very large extent. 

* See Jannon de S. Laurent 'a treatise on the cut stones of the ancients, 
in Saggi di Dissertazioni nella Acad. Etrusca di Cortona, torn. 6, p. 56. 
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One of the finest pieces of poKshed marble-work to be 
seen, perhaps, in the world, is the Taj, about three miles 
from Agra. It consists of an octagon tomb, surmounted 
by an egg-shaped dome 70 ft. in circumference, and four 
minarets 150 ft. in height. These are all built of pure 
white polished marble, inlaid with one large flower mosaic, 
composed of different coloured stones. The screen of the 
tombs is divided into compartments and panels, and 
runs round marble cenotaphs that lie within. This 
screen is of the purest marble, so pierced and carved as 
to look like a high fence of exquisite lacework, but is 
represented by those who have seen it as being far more 
refined and beautiful. Along the panels are wreaths of 
flowers composed of lapis-lazuli, jasper, heliotrope, chalce- 
dony, camelian, &c. 

As far as this country is concerned, stone-working was, 
of course, practised to a certain extent dming the Saxon, 
Nonnan, and following periods, and in the time of 
Henry I. the choir of Canterbury Cathedral was paved 
with marble, but it cannot be held that stone-working 
arrived, in England, at any advanced state of develop- 
ment much before the 16th century. 

As regards the literatm'e of stone-working, with the 
exception of the old works by De Lorme (1568) and 
Halfpenny (1725), very little record has been kept of 
the early history of the subject. A few modern works 
have, however, been published; but no treatise, as far as 
we are aware, dealing with stone-contersion by machinery : 
it is the aim, therefore, of the author, in a measure, to 
supply this deficiency. 

It may here be asked,. What can machinery do in the 
way of stone-conversion at the present time ? This may 
be briefly summarised as follows : — Stone may be sawn, 
dressed, squared, faced, and polished, architrave mould- 
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ings, cornices, ovolos, pilasters, astragals, ogees, scotias, 
strings and other straight, undercut, and curved mould- 
ings may be shaped and finished in every way superior 
to, and at an immense saving over, hand-labour. All the 
heavy work in small mouldings, panels, recesses, &c., 
can also be worked. Hard flagstones, and even granite, 
may be dressed; landings, copings, steps, channellings, 
&c., may be tooled, granite turned and polished, and 
many other operations may be performed too numerous to 
recapitulate here. Although much has been done during 
recent years, as regards the introduction of machinery 
for working stone, ample scope still remains for inventors 
in this direction. 

The adaptation of machinery to common uses in these 
degenerate days of strikes, high wages, and short hours, 
is, without doubt, increasingly necessary to promote the 
commercial prosperity and progress of a nation. Mr. 
Ruskin's Utopian ideas may, as sentimental theories, 
have something to commend them, but cannot for a 
moment be practically entertained, and engineering 
science must of necessity ever play a more and more 
prominent part in the economy of production. It has 
been many times maintained that the introduction of 
machinery bears heavily on the working classes by dis- 
pensing with manual labour: this fallacious argument 
has, however, been sufiiciently disproved by the fact that 
the introduction of labour-saving machinery has not 
lessened, but rather raised, the wages of skilled artisans, 
as it is found the cheaper production creates the greater 
demand. It has also been argued that machinery has 
damaged art progress by reducing the production of 
skilled handicraft to a mere dead mechanical level. This,, 
however, with men who have any art instincts in their 
composition, is not the case ; nor should it be with any^ 
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but sliould rather act as an incentive for the workman to 
attain to a higher art knowledge, both theoretical and 
practical, the results of which no mechanical contrivance 
can rob him of. At the same time, in stone-working and 
decorative construction, we take it that machinery should 
be a powerful hand-maiden to art workmanship, by doing 
much of the heavy, laborious jDreparation of the crude 
material, leaving the skilled workman to give the finishing 
touches to the whole. We do not claim for stone- work- 
ing machinery that it can at present produce the ** storied 
windows richly dight," and possibly it is as well in an 
art sense that this is so ; but we do claim that it may, 
by being judiciously employed, be made not only most 
remunerative, but at the same time a help and assistance 
to art, and not a hindrance, as is asserted by what may 
be called the ultra-sentimental school. 
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CHAPTER II. 

STONE SUITABLE FOR MACHINE CONVERSION. 

The stones used in building may be classed under four 
general divisions — viz., Limestones, Sandstones, Granites, 
and Slates. Limestone, including magnesian limestone, 
and the oolites in their different varieties, is undoubtedly 
the most important class of stone used in building 
operations, as it combines considerable durability with 
tolerable facihty in working. Limestones are composed 
of carbonate of lime, and the carbonates of lime and 
magnesia mixed with foreign matters in variable propor- 
tions, and often with oviform bodies called oolites. 

Sandstones are principally silicious^ and are generally 
laminated, especially if they contain mica ; they are 
generally composed of either quartz or silicious grains, 
cemented by silicious, argillaceous, calcareous, or other 
matter. Granite is of granular structure, and owing to 
its crystallisation and hardness, is extremely difficult 
to work ; it contains, in varying proportions, quartz, 
felspar, and mica, and the variety of the ^)roportions in 
which these ai'e found gives the various colours. 

Stones used in building construction are generally 
known either by the names of the places from which they 
are quarried or from the chief or some special ingredients 
of their composition. The term " freestone " is applied 
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indefinitely to that kind of stone which can be wrought 
with a mallet and chisel, or cut with a saw, and it 
includes the two great divisions of limestones and sand- 
stones. 

Stones used for conversion into mouldings, &c., by 
machinery, should be free and even in texture and 
hardness; very tender stones are unsuitable, as also 
those stones which contain much shelly fossil deposit, 
especially if the shells should be hard and crystalline ; 
but from a casual examination of a stone, owing to the 
varied nature of its constituents, it is almost impossible 
to tell whether it will work satisfactorily ; the best plan 
is to try it on a machine. Stones that are much 
laminated in their structure are not suitable for deep-cut 
mouldings ; they may be used for facings, bat should be 
dressed and placed so that their planes of lamination 
may be in a horizontal position, or in the same posi- 
tion they held in the quarry. Should they be placed 
in a vertical position, decomposition will take place in 
flakes. 

The stones of the nature of Bath, Portland, Caen, and 
York, and most kinds of freestones, can be readily worked 
by machinery. For outside moulding, the stone selected 
should be clean and bright, and uniform in colour, which 
generally implies uniformity of structure. Stones that 
absorb much moisture, or are much affected by frost, or 
the carbonic acid of the atmosphere, should be avoided. 
To ascertain whether a stone is especially susceptible to 
imbibe moisture, immerse it in water for a few days, and 
weigh it carefully before and after immersion. The 
hardest stones are not always the worst to work, those of 
a rough gritty nature being in many cases more difficult 
to operate on. 

If the stones used are somewhat tender, to avoid 
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breaking the aiTises when they are being dressed or 
moulded, revolving cutters will be found better for this 
kind of stone than fixed ones, which take a scraping cut, 
and are more likely to " pluck '' the stone — that is, force 
pieces out of it below the surface. Hard limestones, 
or even granite, may be dressed to a surface, but are 
extremely difficult to mould. The softer kinds of stones, 
such as Bram'ey Fall, Newcastle Grit, &c., can, with a 
little care, be readily planed or moulded. Stone that 
is cnimbly or short in the grain is unsuitable. Hard 
grit stone or flag paving, . magnesian limestones, and 
oolites, may be dressed to a plane surface. 

In selecting stones, it should be borne in mind that the 
hardest stones do not necessarily possess the greatest 
toughness or tenacity ; those which contain a large 
amount of silex are usually very brittle ; and, therefore, 
difficult to work ; they are, however, extremely durable. 
Argillaceous stones, which usually contain a considerable 
amount of iron and argil or clay in their composition, 
are, as a rule, unsuitable for machine conversion, as, after 
exposure, the surface generally shivers off. This is 
attributed to the action of the oxygen of the air, in com- 
bination with the iron contained in the stone, causing the 
latter to swell and shiver away on the surface. 

Alabaster may be readily worked into mouldings if 
carefully handled. Two varieties of stone are called 
alabaster — viz., gypsum and stalactitical limestone, which 
is similar to granular limestone. The gypsum alabaster 
is a sulphate of lime ; but, being very soluble in water, 
is entirely unsuited to outdoor work. Slate, unless it be 
rotten or shaly in its character, can be worked by 
machinery with facilit3\ 

After the stone is obtained from the quarries, and 
before use, it should be exposed to the sun and winds, so 
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that the damp or " quarry sap " is diied out of it, and 
the stone thoroughly seasoned, before being placed in a 
building ; the length of time necessary for this seasoning 
process, of course, would vary according to the nature of 
the stone and situation of the quarry ; but from six to 
twelve months is usually sufficient. A considerable 
quantity of freshlj'-quarried stone is often, without doubt, 
worked up and put into buildings, and with some kinds of 
stone possibly without much detriment : but with the 
softer stones, such as Bath, this practice is very detri- 
mental to its wearing powers. In some quarries during 
the winter the stone is dried by means of coke-fires 
burning in open grates; this dr3dng is, however, only 
partial, and not by any means so effectual as the natural 
air, or summer-drjdng process. 

No certain rules can be laid down for testing the nature 
of the various stones ; this resolving itself chiefly into a 
matter of practical experience. The following tests are, 
however, sometimes practised. A piece of stone is taken 
fresh from the quarry and squared up, to give sharp edges 
for examination of its texture by a lens, and to test its 
hardness by means of a knife or chisel. Those stones 
that are easil}' cut or scratched effervesce rapidly by dilute 
hydrochloric acid, and the durability of stone may, in a 
degree, be ascertained by the rapidity or slowness of effer- 
vescence. Most limestones are easily scratched, and 
effervesce rapidly under acid ; magnesian limestones and 
dolomite do not effervesce quickly ; and some, Uke 
gypsum sandstone, do not efferv^esce at all. The texture 
of a stone can be tested by chipping an angle. The blow- 
pipe is occasionally used for testing stones, and those 
which contain much carbonate of lime are soon reduced 
to quicklime ; some yield copper, lead, &c., and are more 
or less fusible under the action of strong heat. By 
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saturating stones with water, and exposing them to the 
action of cold as produced by freezing mixtures, valuable 
results as to the resistance of various stones to action of 
the weather, may be obtained. Such a plan, however, is 
difficult and tedious, and a Mr. Brard, after many trials, 
found that sulphate of soda very closely resembled in its 
action on stone, the freezing of water. A saturated 
solution of sulphate of soda was made in cold water, the 
stone was immersed, and the solution boiled for half an 
hour ; the stone was then taken out, and put into a plate 
with a little of the solution. It was then' left for 24 
hours in a cool place, and was covered with a snowy 
efflorescence, the liquid having disappeared, either by 
evaporation, or by absorption. The stone was then 
sprinkled gently with cold water, until all the saline 
particles had disappeared from the surface. After this 
first washing, the surfaces of the stone were covered with 
detached grains, scales, and angular fragments, and the 
stone being one that was easily attacked by the frist, the 
splitting of the surfaces was very decided. 

One writer on the subject says : — The causes of dura- 
bility of stone, and the correspondent causes of failure 
and decay, are either chemical or mechanical, and ma}'^ 
be described either as decomposition or disintegration. 
Dm'ability also depends much on the power of resistance 
to wear. 

Decomposition is caused by some of the elements of the 
stone entering into such new combinations with water, 
gases, or acids as render them soluble either by the air 
or water. Granite, though the hardest of building stones, 
is liable to serious decomposition when the feldsimrs are 
alkaline, and will unite with water or acids. Some 
qualities of this stone are rapidly decomposed b}^ the sea, 
and the same is the case with many of the limestones. 
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Stones containing iron are also liable to decay. In its 
native state it is usually in a low state of oxidation, and 
is liable to be acted ui)on by additional quantities of oxy- 
gen or carbonic acid. This sort of decomposition is 
much increased by being alternately wet or dry, or by 
frequent changes of temperature. Stones, however, con- 
taining iron in a high state of oxidation as rosso antico, 
porphyr}', &c., do not readily become decomposed. The 
most curious discovery of modem times is with regard to 
the magnesian limestones and dolomites. These were 
chosen for the Houses of Parliament on account of their 
durability. The work at Southwell Minster, 800 years 
old, bears every mark of the tools to the present day, and 
eveiy circumstance seemed to justify its selection. It 
appears, however, that magnesia has a great affinity for 
sulphur; and the consequence is, the sulphurous acid 
which is present in such quantities in the smoke of Lon- 
don, has already caused serious decomposition in that 
building, as well as in the Lincoln's Inn Hall, This acid 
has also so much effect on the softer limestones, that the 
fronts of several important buildings, Buckingham Palace 
among the rest, have been obliged to be i)ainted to save 
them from decay. 

Disintegration, as has before been said, is the separation 
of parts of stone by mechanical action. The chief cause 
is the freezing of minute portions of water which get into 
pores, 01' fissures, or between the laminae of stones, and 
swell slowly as crj^stals of ice are gradually formed, and 
consequently burst open the pores, or split the grain of 
the stone. The south sides of buildings, in northern 
climates, suffer more than others, as their sm^face becomes 
thawed and fiUed with wet in the da}', and frozen again at 
night, more frequently than the others. A very common 
error in the present day is the not taking care to set 
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stones with their laminse or gram, or as the workmen 
call it " bed/* in a horizontal direction. If work be 
" face-bedded," the action of the weather will cause the 
laminee to scale off one after the other, just as the leaves 
of a book fall over, if the volume be placed on its back in 
an upright position. 

Resistance to wear is another obvious cause of durability, 
but this depends rather on the toughness, than the mere 
hardness of material, a quality often attended with brittle- 
ness, as also on its situation. The crushing weight of 
Portland is about 10,000, while that of York is about 
12,000, or one-fifth more, but in many situations 
Portland steps will last much longer than York. Again, 
the crushing weight of Peterhead Granite is about 
18,000, or not quite double that of Portland ; whereas if 
used as street paving, it would out-last six sets of the 
latter. 

The most important building- stones found in Great 
Britain are the following : — 

Granites, produced chiefly in Cornwall, Devonshire, 
Leicestershire, Aberdeenshire, and in Wicklow and 
Carlow, the Channel Islands, Isles of Lundy, Anglesea, 
and Man. 

Porphyries, Syenites, Elvans, which are obtained from 
Cornwall, Devonshire, Leicestershire, and man}' parts of 
Scotland and Ireland. 

Sandstones, the chief quarries of which are in York- 
shire, Derbyshu-e, Shropshire, Herefordshire, Monmouth- 
shire, Surrey, &c., and in several of the Scottish counties. 
The Derby Dales, Cragleith, and other celebrated stones 
belong to this class. 

Millstone Gnt is found largely in Derbyshire, York- 
shire, and in most of the coal-producing districts. 

Magnesian Limestones or Dolomites are chiefly obtained 
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jGrom Yorkshire, Durham, Noilhumberland, Derbyshire, 
and Nottinghamshire. 

Oolites^ found at Bath, Portland, Ancaster, Ketton, and 
other places. 

Limestones, — These are very varied; the Purbeck 
marble, the Derbyshire marbles, the Ijias beds, the 
Devonian limestones, and the mountain limestones being 
examples. 

Slates. — These ai'e obtained in North Wales, Devon- 
shire, and Cornwall, and in some pails of Scotland and 
Ireland. 

Kentish Rag is obtained chiefly near Hythe and 
Folkestone. 
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CHAPTER III. 

ARRANGEMENT OF STONEWORKS FOR GENERAL PURPOSES. 

In arranging works for the conversion of rough stone 
into the various finished forms used in building construc- 
tion, the selection of a suitable site, and the general 
an-angement of the building and machinery is a matter of 
very great importance in securing economy of working. 
No arbitrary rules can, of course, be laid down; but 
advantage should always be taken of the site with refer- 
ence to rail, road, or water carriage, as much money may 
be lost through unnecessary haulage. Each site must be 
judged on its merits. If the stone converter is a quarry 
owner, and the quaiTy is tolerably easy of access, it may 
be well to erect the stoneworks contiguous to the quarry, 
so that the rough stone may immediately be reduced in 
size and rendered more portable. If, however, a tramway 
is laid to convey the stone to a railway, a mill near to or 
alongside the railway line has some advantages. Again, 
should water-power be procurable in the neighbourhood, 
by all means take advantage of it, if anyway possible, as 
it will pay much better to run a tramway to the water, 
than to use steam or other power. Unless the works are 
very extensive, in which case it may pay to lay down a 
railway of the ordinary 4ft. 8 Jin. gauge, a tramway of 2ft. 
gauge will be found suitable : this can be laid with cross 
sleepers and 161b. bridge rails, at a cost of about i£475 to 
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£500 per mile, should no difficulties of site occur. A 2ft. 
tramway will also be found more convenient than a wider 
one for traversing the quarry, machine shop, and finishing 
sheds. The size and shape of the building, containing 
the various stone-working machines, should be varied 
according to the na- 
ture of the work to 
be cai'ried on ; but, 
speaking generally, it 
nhould be as open us 
I»ossible, so that a free 
(.'uiTent of air may 
r-arry away auy dust 
floating in the atmo- 
sphere. Our plan 
(Fig, 1) represents 
stoneworks suitable 
for general pm'poses; 
length 110ft. by 50ft. 
wide. This consists 
briefly of a pair of 
lean-to sheds facing 
each other, with an 
overhead traveller for 
lifting the blocks of 
stone and placing them 
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on, or removing them from the various machines passing 
between them ; if first cost is no object, however, the 
whole area is best covered in. In this case the buildings 
should be lofty, and the masons' berths arranged on the 
opposite side of the mill, and at a sufficient distance 
away that the chips and dust from their chisels could 
not penetrate the bearings, &c., of the stone-working 
machines, or they will rapidly deteriorate. The various 
bearings should in all cases be protected from the dust 
made by the machines themselves ; but on these points 
we shall have something further to say. In our plan 
we suppose steam to be the motive power, and this we 
arrange in a building (Nos. 9 and 10) which is entirely 
separated from the works. The engine represented is a 
25h.p. horizontal high pressure or compound, with a pair 
of 15h.p. cross-tubed Cornish boilers. 'No. 1 represents a 
horizontal double stone sawing frame. No. 2 represents 
a circular sawing machine, for converting large blocks of 
stone as they come from the quarry into slabs or other 
required form, and also for squaring up and facing blocks. 
No. 3 is a stone-rubbing or surfacing table. No. 4 is a 
stone-dressing machine. No. 5 is a combined stone- 
planing and moulding machine with horizontal cutter 
barrels. No. 6 represents, a stone-moulding and planing 
machine with vertical cutter barrels. No. 7 is a grind- 
stone. No. 8 is an emery wheel-cutter grinder. No. 11 
is stores, and Nos. 12 and 13 offices. No. 14 under- 
ground shafting. No. 15 tramway. For repairing 
cutters, machines, &c., and tool-making, a s nail shop for 
blacksmith and fitter should be added ; this, in addition 
to the usual tools, should contain a lathe, which could be 
driven from the main shaft. 

It will be found most convenient to arrange the main 
shafting (No. 14), which is 3in. diameter, underground; 
it should make about 100 revolutions per minute. Owing 
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to the stone-dust flying about, especial care must be 
taken as to the lubrication of all bearings, which should 
be closely fitted with sheet-iron guards to keep oflf as 
much of the dust as possible. As a lubricant we can 
recommend the following : — good lard oil 75 parts, 
powdered pludibago 26 parts. If the bearings are heavy 
and subject to much strain, the proportion of plumbago 
may be increased up to 40 parts. Should a water-wheel 
or turbine be used as the motive power, a reservoir 
should, if possible, be formed, or at any rate a considerable 
reserve supply of water obtained. As regards the most 
suitable types of water-wheels to employ, the user must, 
of course, be guided by the exigencies of the site, water- 
supply, i&c. ; but for information on these and other 
kindred points, as regards motive power, we* refer our 
readers to our recently-published book.* Should a 
steam-engine be employed to give the motive power, we 
are in favour of a long-stroke engine, running at a 
moderate rate of piston speed — say an engine with 
ft stroke twice the diameter of the cylinder. In this case 
the steam should be cut off early and expanded for the 
rest of the stroke. Where low first cost is not an object, 
a compound engine is to be preferred. In selecting an 
engine, it should be borne in mind that large cylinder 
diameter does not necessarily mean large power ; it 
depends also on the mean pressure, and the piston speed. 
All the wearing surfaces and steam passages should be in 
proportion to the cylinder diameter : if this latter is too 
large, the cylinder pressure is reduced, and a considerable 
amount of steam wasted. As regards the boilers, under 
ordinary conditions Cornish or Lancashire boilers fitted 
with cross tubes are perhaps, taken altogether, to be pre- 
ferred ; but should the water used be very pure and the 

* " Saw Mills : their Arrangement and Management." Crosby Lock- 
wood & Co. 

c 2 
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attendant efficient, a locomotive or tubular boiler may be 
used with advantage. An overhead travelling crane should 
traverse the full length of the mill and yard, and ample 
facilities in the shape of hoists, blocks, and faUs, stone 
trucks, i&c, for readily lifting the stone on and off the 
various machines and moving it from place to place, should 
be provided. The plan on which the works (Fig. 1) are 
designed is that the rough stone should enter the mill at 
the end near the engine-house and pass immediately to 
the horizontal and circular saws (Nos. 1 and 2) ; it thus 
becomes at once reduced in bulk and rendered more 
portable on its passage through the various dressing, 
shaping, and moulding machines. Elaborate or recessed 
work, &c., which requires finishing by hand after leaving 
the machines, passes by means of the tramway to the 
masons on the opposite side of the mill. If the blocks 
are brought from a quarry some little distance off, they 
can readily be hauled along the tramway into the works, 
either by the engine itself, or by means of a hauling 
apparatus, which may be fixed below the floor, or carried 
in hanging brackets. Should it be found convenient to 
fix it below the floor, it would be necessary to pass the 
chain or rope over the snatch block, so as to bring it on 
to the level of the mill floor. The apparatus consists of a 
cast-iron barrel driven by toothed gearing, motion being 
imparted by a belt working on to fast and loose pulleys, 
which can be thrown in or out of gear as required. In 
many quarries a water-balance tank on wheels, and 
running on an incline is utilised for bringing up blocks ; 
its utility, however, depends on the exigencies of the site, 
but in some cases it may be made very serviceable. The 
centre of the works between the tramways may be used 
for storing blocks of stone, so that they may readily be 
placed on the various machines as required. Sufficient 
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space should be allowed between all the machines for the 
ready handling of the stone. The floor of the works 
should be kept damp and the stone-dust cleared away 
periodically, as it is injurious both to the workmen and 
machinery. If the establishment is a permanent one, the 
floor should either be of concrete or asphalted. A tunnel, 
passing in a line under the various machines, as is usual 
in modem wood saw-mills, can also be used with ad- 
vantage in getting rid of the stone-dust. In arranging 
the works care should be taken that the motive power is 
ample to drive the various machines, as irregularity in 
driving, through insufficiency of power, is detrimental 
to quality and output. 

Should the boiler-power be ample, and it be found 
necessary to erect an additional saw-frame, a small 
horizontal engine with a long stroke may be coupled 
directly on to the saw-frame ; for a double frame, arranged 
to cut two stones at the same time, an engine with an 
Sin. cylinder by 24in. stroke will be found suitable. A 
fly-wheel of extra heavy section should be used to balance 
and secure uniformity in running. 

In the stoneworks or quarry, a method of working 
should in all cases be decided on, and good order kept ; 
dirt and confusion are in every way objectionable. Each 
man should know his own particular work, and be made to 
do it without hurry or bustle. All the plant and tools should 
be under the control of one man, who should be answerable 
for their condition and efficiency. We consider a system 
of piecework advisable wherever it can be practised. 

Before deciding on the exact type of machine or cutters 
to employ for shaping or moulding, the stone should be 
thoroughly well tested, as the cutters or type of machine 
that may suit one kind of stone may be quite unsuitecj to 
another. 
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CHAPTEE IV. 

STONE-SAWING FEAMES. 

The first operation in the conversion of stone, after it 
leaves the quarrj', is the dividing it into blocks or slabs 
of suitable or convenient size for general building piu'- 
poses. In doing this by hand, a blade of soft iron is 
used ; this is usually about 4in. wide, and is fitted into 
a rectangular wooden frame, which is expanded or kept 
asunder by a pole, which rests at each end against a 
loose block of wood, called a bolster; the blade is 
generally kept in position by meajas of pins, which pass 
through either end of it, and fit into notches, formed in 
the side-pieces or heads of the wooden frame. The blade 
is strained by a chain, arranged in two parts, but con- 
nected by a rod, on which is turned a right and left- 
handed screw, which is fitted into nuts. Holes are 
provided in the rod, in which a lever or "tommy" may 
be inserted, to tighten up the chain, as may be required. 
In sawing stone the edge of the blade is usually roimded 
and used with a rocking motion, so as to make it bite 
deeply, first in one place and then in another, rather 
than uniformly all along the cut. We may here remark, 
that the term "sawing," as applied to cutting stone — 
with the exception of Bath and other very soft stones, for 
cutting which, saws with teeth are now generally used — 
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with a straight blade of iron, is a misnomer, as the piece 
of iron used is not a saw at all, its edge being smooth and 
unprovided with teeth; its action is really an abrading 
one, and not a cutting one, the particles of stone being 
separated or divided by friction. As, however, the term 
** stone-sawing" is universally employed, to make our- 
selves imderstood, we shall continue to use it. The 
stone is divided by the blade acting on sand and water, 
the small hard particles of the former taking the place of 
the teeth of an ordinary saw, the water at the same time 
somewhat softening the stone and keeping the saw-blade 
cool. For cutting soft stone, coarse sharp sand is used, 
whilst for hard stone or marble very fine sand is em- 
ployed, and, preferably, that containing flinty particles. 
The sand should be carefully washed and sifted, so that 
the sandy particles do not exceed a certain size, and to 
clear it of extraneous matters, and the cutting-action of 
the saw is thus much improved ; this is a point, however, 
often neglected or lost sight of. The fineness of the 
sand should be varied according to the nature or hard- 
ness of the stone to be cut, as should sand of an 
improper degree of fineness be employed, the work of 
finishing or polishing the stone is considerably increased. 
The quantity of sand and water necessary must be 
left to the experience of the workman. When sawing 
by hand, to overcome the excessive weight of the 
saw and frame, a pole or frame fitted with a cord 
pulley and counterpoise weight is usually suspended over 
the saw ; this of course lessens the labour of working the 
saw backwards and forwards, but its cutting-speed is 
reduced at the same time in proportion to the weight 
suspended. Care must be taken in working that small 
stones do not get under the saw, or it will roll backwards 
and forwards without cutting. 
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In sawing stone, whether by hand or machinerr, 
extreme care should always be observed in marking out 
the stone, so that it may be converted to the best ad- 
vantage, especial^ noting any faulty places, so that the 
part of the stone containing them may not be entirely 
wasted. All lines should be carefully plumbed before 
commencing to saw, and very great care taken that the 
saw or saws run in an exact vertical plane, or "galls" 
will be formed, which will have to be ground away 
— ^with considerable loss of time and labour — on the 
rubbing-bed. 

Keeping the saw in a vertical line, when cutting by 
hand, is a matter of great difficulty, the narrowness of 
the blade rendering it specially liable to twist. Taken 
altogether, from its slowness and the constant vibration 
of the saw from the unevenness of the motion given to 
it by the workman, stone-sawing by hand, except for 
small blocks, is a tedious and unsatisfactory process, 
and one that can weU be replaced by machinery. We 
shall have something to say as to the guiding of saws 
elsewhere. 

As these pages may fall into the hands of students or 
others unacquainted with stone conversion, we may here 
with advantage briefly explain the action of a horizontal 
stone-sawing frame worked by steam or other motive 
power. The machine consists of a main iron or wooden 
framework, in which is suspended by four weighted 
chains working over pulleys fitted at the top of the main 
frame, a rectangular iron frame longer and wider than the 
block of stone to be cut. In this frame are fitted, in a 
vertical plane, a number of wrought-iron. blades or saws 
set at such distances apart as it is desired to cut the 
stone in thickness. The blades are fed into the stone by 
their own v/eight and that of the swing-frame, which is a 



STONE-SAWING FRAMES. 25 

little in excess of the counterbalance weights, which are 
attached to the ends of the chains, by which the saw, 
swing, or vibrating frame is suspended. A horizontal 
reciprocating motion is imparted to the saw-frame by 
means of a slotted pendulum, to which is attached, a 
connecting rod and crank, which receives its motion from 
a main or coimter-shaft. The saws and frames are raised 
usually by a hoist or pulley blocks, and made to rest on 
the stone to be cut, suspended over which is a little 
apparatus or cistern, which supplies to each of the blades 
the requisite sand and water necessar}^ for them to work. 
As the cutting progresses, the saws gradually pass down- 
wards through the stone, which is thus divided into slabs 
or blocks. 

As regards the date when machinery for sawing stone 
was introduced into England, some doubt exists. It is 
said that machinery for sawing and poUshing marble was 
first established at the village of Ashford, near Bake well, 
Derbyshire, in the year 1748, water being the motive 
power. Dressed granite is stated to have been used about 
1730 ; and Macdonald and Leslie, of Aberdeen, are cre- 
dited as being the first who sawed and polished granite, by 
machinery. Gordon Hospital, erected in 1739, was partly 
built of dressed stones of granite, but even then sand- 
stone was used to form the lintels and facings. It is re- 
corded, however, that granite ornaments were many years 
before this turned in a lathe and polished with sand and 
emery. 

In the year 1777, Samuel Miller, sail-maker, of South- 
ampton, invented a circular sawing-machine, which he 
called a perfectly new machine, for the more expedi- 
tiously sawing all kinds of wood, stone, and ivory ; and it 
is stated the motive power he employed was a horizontal 
windmill. Devices for working in stone were invented by 
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Sir Samuel Bentham, in 1793, and by Joseph Bramah, in 
1802. Bramah claims, in his specification, which consists 
chiefly in improvements in wood-working machinery^ 
certain machinery which may be worked by animal, ele- 
mentary, or manual force, and which said effects are to 
produce straight, true, smooth, and parallel surfaces on 
wood, stone, and metals. 

Sir George Wright, Sir James Jelf, and a Mr. Brown, 
eai'ly in this century, made various improvements in 
machinery for sawing stone. Sir George Wright's method 
of cutting a cylindrical pillar is worth recording, and may 
be thus described : — When a completely cylindrical pillar 
is to be cut out of one block of stone, the first thing will 
be to ascertain in the block the position of the axis of the 
cylinder ; then lay the block so that such axis shall be 
parallel to the horizon, and let a cylindrical hole of from 
lin. to 2in. diameter be bored entirely through it. Let 
an iron bar, whose diameter is rather less than that of 
this tube, be put through it, having just room to slide 
freely to and fro as occasion may require. Each end of 
this bar should terminate in a screw, on which a nut and 
frame may be fastened. The nut-frame should carr}*^ thin 
flat pieces of wood or iron, each having a slit running 
/along its middle, nearly from one end to the other, and 
a screw and handle must be adapted to each slit ; by these 
means the framework at each end of the bar may readily 
be so adjusted as to form equal isosceles or equilateral 
triangles ; the iron bar will connect two corresponding 
angles of these triangles, the saw to be used two other 
corresponding angles, and another bar of iron or of wood 
the two remaining angles, to give sufficient strength to 
the whole frame. This construction will enable the 
workmen to place the saw at any proposed distance from 
the hole drilled through ^the middle of the block ; and 
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then, by giving an alternating motion to the saw-frame, 
the cylinder may at length be cut from the block, as 
required. This method was first described in the col- 
lection of machines approved by the Paris Academy. If 
it were proposed to saw a conic frustum from such a 
block, then let two frames of wood or iron be fixed to 
those parallel ends of the block which are intended to 
coincide with the bases of the frustum, circular grooves 
being previously cut in these frames to correspond with 
the circumferences of the two ends of the proposed fi'us- 
tum ; the saw, being worked in these grooves, will mani- 
festly cut the conic surface from the block. 

America claims that Oliver Evans, of Philadelphia, in 
1803, had a double-acting high-pressure steam-engine 
at work grinding plaster and sawing stone, and that he 
drove twelve saws in heavy frames, sawing at the rate of 
lOOffc. of marble in twelve hours. We can find no record, 
however, as to the construction or working of this 
machine. 

Some sixty years ago, a marble-sawing and polishing 
mill was erected in the neighbourhood of Kilkenny by a 
Mr. Collis ; it has been represented as being remarkably 
simple and efficient, and is described as follows: — One 
water-wheel, lOft. diam., with twelve floats, gave motion by 
a crank at one end of its axle to a frame containing twelve 
saws, and by a crank at the other end motion was given 
to a frame of five polishers, and beneath these again was 
arranged another frame carrying eight more saws. It is 
stated that the saws were made of soft iron, and lasted 
about a week ; they were constantly supplied with water 
and sand, the latter taken fi-om the bed of the Kiver Nore, 
and washed tiU nothing remained but very fine and pure 
silicious particles. The marble taken from the mill was 
first polished with -a stone called cove stone, which is a 



28 STONE-WORKING MACHINERY. 

brown sandstone imported from Chester, and is said to 
be so called from being used in chimney coves. It was 
afterwards polished by a hone-stone, which is a piece of 
smooth nodule of the argillaceous iron ore, found in the 
hills between Kilkenny and Freshford ; it received its 
final polish in the mills with rags and putty. 

Various other small improvements were from to time 
introduced, but the real father of modem stone-working 
machinery was the late Mr. James TuUoch, of Esher- 
street, Millbank, who invented, in the year 1824, and 
erected, a most complete plant of stone-working machinery, 
including straight and circular saw-frames, rubbing, 
recessing, planing, moulding, and polishing machines. 
In the patent taken out by Mr. James Tulloch, for 
*' improved machinery for sawing stone," the machinery 
was arranged to work by steam or other power ; and it 
appears from the specification that the patentee applies 
his mechanism in sawing and the forming of grooves, 
mouldings, cornices, pilasters, &c., of marble, or other 
stone, by means of properly indented instruments, which 
are to traverse the face of the stone, suspended in a 
suitable frame. By suspending the saw or tools in this 
manner the inventor considered a great advantage was 
gained, as they were thus kept in a perfectly hori- 
zontal line, so that the face of the stone was acted 
on uniformly in all its parts, and the hardest parts 
reduced equally with the softest. We ha^e before us an 
old engraving of this stone-sawing frame, and the neat- 
ness of its general arrangement merits, we think, a shoii 
description : — The block of stone to be sawn is fixed on 
a truck and operated on by a number of saws fixed 
parallel to each other in a frame. The ends of this 
frame are formed on the imder-side into inclined planes, 
which run upon two anti- friction rollers, so that when 
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motion is given to the saws, each end of the frame will alter- 
nately be lifted up, and allow the sand and water (supplied 
from a small cistern) to descend into the fissure. The 
anti-friction rollers are attached to two slides, placed in 
grooves in the upright posts, and are suspended by two 
chains wound round drum-barrels fitted to a shaft which 
revolves in bearings fixed above on the main wooden 
framing of the machine. This shaft carries another 
barrel and a large grooved pulley. Over the latter, by 
means of a rope, is suspended a weight, which partly 
counterbalances the weight of the saws and frame ; a 
chain passes roimd the third barrel, and is attached at 
the lower end to a sliding piece on a vibrating beam. 
Motion is given to the saw-frame by toothed gearing 
acting on the separate crank- shafts, which, through the 
medium of connecting rods and the vibrating-beam, gives 
alternate motion to the saws. The several pulleys to 
which the frame is suspended admit of its regular descent, 
and with a uniform pressure, as the weights of the saws 
and frame are heavier than the counterbalance. Taken 
altogether, this machine must be held to be thoroughly 
practical, and reflecting great credit on its designer ; and 
whilst discussing the various other machines, we shall 
again and again have to refer to Tulloch's name. 

In the year 1833, a Mr. G. W. Wilde took out a patent 
for improvements in the sawing of marble, or other 
stone, by means of a revolving circular metallic plate, 
smooth, or not serrated on the face or edge, and applied 
with sand and water, as is done with the straight saw ; 
and also for marking on the surface or periphery of a 
metallic or wooden cylinder or wheel, the converse of the 
intended moulding or grooving, by means of which a 
series of mouldings or grooves can be wrought on a 
surface of marble or stone at one operation, with sand 
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and water, and in like manner polish with putty, buff, or 
pumice-stone, or other polishing material 

In 1843, Mr. J. C. Wollaston took out a patent for 
improvements in machinery for cutting marble and stone, 
which included special appliances for cutting pipes or 
tubes of those materials. About the same time (1843), a 
stone saw-guide was jDatented by Hutchison ; this con- 
sisted, briefly, in making the saw-frame rim between 
guides of wood, which extended across the room when the 
saws were at work. 

In a horizontal stone-sawing frame of recent construc- 
tion a new form of skeleton frame has been employed. 
The sawing or swing-frame is made without sides, having 
only a front beam, and a peculiarly formed back beam. 
The sawing plates are tightened by means of rods or 
plates connected to ears or lugs on each of the upper 
portions of the back and front beams. Through the 
centre of the beams are shafts working in bearings fitted 
in adjustable boxes carried by roller carriages. The 
roller carriages have each one or more rollers, or anti- 
friction bowls, to enable them to work freely up and 
down the face of the upright pillar or main framing of 
the machine. Each roller carriage has a projection fitted 
with steps to carry the beam shafts, and each roller 
carriage is carried by chain or rope from its own end. 
The chain or rope passes up the face of the pillar over a 
pulley on the top beam, around a shaft or spiked wheel ; 
then along the top beam over another pulley, and down 
the face of the other upright pillar, and attached to the 
other end of the roller carriage, where it is fixed. The 
sawing-plates are cottered and kept perfectly tight by the 
resistance of the rods or plates connecting the ears or 
lugs of the end beams of the saw-frame. 

The author has recently tried with success sawing 
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stone and mai-ble by means of an endless steel band, 
after the fashion of a band saw for sawing wood, but in 
Ken of teeth, the edge of the blade was kept rough, and 
supplied with sand and water or emery in the usual wa}'. 
For irregular sawing this will be found extremely useful ; 
the chief difficulty to contend against is the saw buckling 
and running from the line. Speed of saw about 250ft. 
per minute. 

The main framing of stone-sawing machines is pre- 
ferably made of iron, as any little extra outlay thus 
incurred is counterbalanced by increased stability and 
freedom from vibration. With this end in view, it will 
be found advantageous to arrange the trucks carrying the 
stone to be sawn to run on the foimdation frame, so that 
the whole weight of the stone and the trucks is concen- 
trated on the machine, and utilized in overcoming the 
vibration caused by the saws when in motion. 

Should the framework be constructed of timber, it 
should be very firmly braced together, and bound with 
iron at all the joints, care being taken that the timber 
employed is sound and well seasoned. The vibrating or 
swing-frame which carries the saw should combine great 
strength without excessive weight, and with adequate 
arrangements for setting the blades. The chains by 
which the swing-frame is suspended to the cross shafts of 
the main frame should work freely in pulleys, and a 
selection of weights supplied, so that the frame may be 
accurately balanced, and adjusted according to the nature 
of the stone or the speed ii is desii'ed to cut. This is a 
point of importance, though often neglected if a series of 
weights are not to hand. A good sawyer, on seeing the 
nature of the stone he is operating upon, should adjust 
his weights, or in other words, the speed of his cut, to the 
greatest nicety. Means should be taken that the swing- 
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fr^me can be readily raised and lowered, and that tlie 
cutting-blades are kept in an exact vertical plane. The 
pendulum used to give motion to the swing-frame should 
be slotted for a considerable distance, so as to allow the 
saws to pass through large pieces of stone. The swing- 
frame must have a steady and uniform stroke from top to 
bottom of the cut. Where more than one machine is 
employed, it is preferable to drive them by means of 
cranks and connecting-rods, on to a countershaft fitted 
with fast and loose pulleys, as thus one frame may be 
thrown out of work without stopping both, as is the case 
when the connecting-rod is coupled directly on to the 
main shaft. Adequate means must of course be taken to 
afford the saws a constant supply of sand and water. A 
complete set of packing-pieces or other means of adjust- 
ing the saws to equi-distances apart should in every case 
be to hand. 

Various plans for supplying sand and water to the 
blades are in use. The following can be recommended 
on account of its simplicity and efficiency : — Make an iron 
cistern for water about 2ft. Gin. long, by lin. high by Ift. 
wide, and fit on each side of it, say, 16in. water-cock. 
The water will be allowed to flow slowly through these 
cocks and fall into an equal number of grooves formed 
in the bottom of boxes filled with sand. These grooves 
should be so constructed that the sand and water flow 
out together, through suitable openings on one side of the 
boxes, and directed into the various saw fissures. A 
grooved sand-box should be arranged on either side of 
the cistern, so that two streams of sand and water are 
directed to each blade, one on either side of it. 

For vertical guides to the saw-frame we prefer anti- 
friction rollers fitted in small carriages, and arranged to 
travel freely up and down the face of the vertical pillars 
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of the main framing ; this plan will be found to work 
with much greater freedom than the ordinary sliding 
arrangement generally employed. 

Where it is required to saw and polish marble, &c., 
it will be found convenient to arrange a double-ended 
machine or mill, a reciprocating motion being given to 
the saw-frame and polisher at the same time by con- 
necting rods and cranks attached to a main or inter- 
mediate driving-shaft. The saws, or more properly 
speaking, cutting instruments, are made of wrought iron 
plates, and are similar to those used in sawing ordinary 
building-stones, and the general an^angement of the saw- 
frame is the same. The polisher at the opposite end of 
the machine is arranged with a longitudinal motion, and 
the slabs of marble, after being sawn from the block, are 
one by one placed on a travelling carriage, mounted on 
rollers, and running on rails, and to which a lateral 
reciprocating motion is given. The polisher is arranged 
to bear on the sm'face of the marble, and from the lateral 
motion given to the travelling carriage, is enabled to 
operate on every part of its face. A simple and efficient 
mode of obtaining the lateral motion is to arrange on 
a crank-shaft passing beneath the travelling carriage 
a worm and worm-wheel, and by means of another 
adjustable crank, motion can be given to the worm-wheel, 
but care must be taken that the adjustable crank is at all 
times longer than the crank on the worm-wheel spindle ; 
by this plan the wheel will vibrate through an arc, and 
not make an entire revolution ; thus by using an 
additional toothed wheel, and by attaching a rack to the 
travelling carriage, a lateral reciprocating motion can be 
obtained, which can be varied in the length of its traverse 
by increasing or reducing the throw of the adjustable 
crank before mentioned. The polisher is usually put in 
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motion by an upright vibrating frame, which vibrates 
with the stone saw frame at the other end of the 
machine, and receives its motion from the same crank. 

The main framings of all machines used for sawing 
granite, marble, and other veiy hard stones, should be 
made of iron instead of wood ; they should be of heavy 
section, and designed to overcome excessive vibration in 
working. 

For sawing marble slabs into strips, either a ripping 
bed, carrying a number -of discs, or a saw worked by 
hand, called a grub-saw, is generally used. The grub- 
saw is an iron blade notched at the edge, and stiffened by 
a backing of wood, like the metallic back of a tenon-saw ; 
the kerf for the saw is usually started by means of a 
narrow chisel. For cutting marble into cylinders, a rod 
or wire saw, of triangular section, is often employed, the 
marble being mounted on centres, and revolved against 
the saw. 

Taper slabs may be sawn by means of two sets of 
saws ; these may, however, be -worked with a crank, by 
connecting the two sets of crossbars by means of links, 
so that the adjustment of one determines that of the 
other, and by connecting the crank to the first set, 
motion is imparted to both. The saws may be made to 
cut taper by adjusting one set laterally, by means of the 
crossbars, to any desired angle with the other, the 
movement of the crossbars corresponding to the relative 
inclinations of the guides ; these may be kept in any 
required position by means of bolts. 

The most rapid cutting sand for general sawing is that 
containing a large amount of flinty particles, but the 
difficulty of obtaining this in some districts has induced 
the author to construct a machine capable of breaking 
and crushing 8 tons of flints per day, to a size that will 
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pass through a sieve either 10, 12, 14, or 16 gauge to 
the inch as may be required. 

Figs. 2 and 3 represent a horizontal stone sawing- 
machine, from the designs of Mr. E. P. Bastin. It will 
be seen from the drawing, the framing is constructed of 
timber, and the machine is adapted for cutting two 
blocks of stone at the same time. The vibrating or 
swing frame which carries the saws is suspended by 
chains working over pulleys, and weights are attached, 
so that the frame may be balanced according to the 
nature of the stone to be operated on, and the speed at 
which it can be cut. The pendulum giving motion to 
the vibrating frame is slotted, so that the saws can pass 
through stones of various depths. The pendulum is 
driven by a set of intermediate gearing, which arrange- 
ment is convenient when a number of frames are at work, 
rts" one may be stopped without interfering with the 
others. The general arrangement of the machine is 
simple and strong. 
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CHAPTEE V, 

STONE-SAWING, &C. WITH DIAMOND POINTS. 

Stone saws, fitted with diamond or " carbon " points, 
have been used with some little success, but chiefly in 
America. They have usually been applied to circular 
saws ; but reciprocating jigger and band-saws have also 
been mounted in this wa}^ One of the difficulties found 
in working carbon-pointed saws is the fastening the points 
securely in their seats, and a number of i)atents with this 
end in view have been taken out. Some of these liold 
the diamond by fingers clamped in sockets, or embed it in 
the saw by means of sockets or solder, or hold it by clamps 
kept in position by wedges. This difficulty being sur- 
mounted, we think the ordinary band-sawing machine, 
so equipped and running at a slow si^eed — say, the teeth 
or points to travel about 250ft. per minute — should 
prove a valuable tool for cun^ed stone-sawing, such 
as that required in Gothic windows, arches, &c. ; but 
for rough, heavy block sawing — bearing in mind the 
increased first cost, and the difficulty of keeping the 
carbons in their seats — we fail to recognise at present 
the value of diamond saws for this i)urpose. The 
diamonds usually employed for sawing are black, and are 
chiefly found in Brazil. Like all ** carbons " they are of 
extreme hardness, and will, when properly held, divide 
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granite, marble, and almost any other mineral, the 
difficulty, as we have before remarked, being to hold 
them ; and this difficulty, practically speaking, has been 
admitted by an American exhibitor in the Philadelphia 
International Exhibition, 1867, as he attached to his 
machine a sieve to catch the diamonds when they were 
di'agged from their seats, and prevent them being washed 
away. The sockets carrying the diamonds are necessarily 
wider than the saw-plate, but by "setting" them to the 
right and left-hand, in a similar manner to a saw for wood, 
this difficulty is got over. 

Dressing hard stone by means of diamonds has also 
been attempted, and large sums of money have been 
spent thereon ; but with no practical commercial success. 
Diamonds have been used for boring hard rock, granite, 
&c., for blasting or sinking, with very considerable suc- 
cess ; but the action of boring, it must not be forgotten, 
is entii'ely different from that of sawing, the tearing or 
pulling action on the diamonds being absent. Mr. J. T. 
Gilmore, of Ohio, in 1863, patented a system of dressing 
millstones, fluting columns, dressing building-stones, and 
making mouldings, by means of diamond points mounted 
on a revolving disc ; a considerable number of other 
patents in connection with stone- working by means of 
diamonds have been taken by Young, Emerson, Hus- 
band, Gear, Dickinson, and others. 

Dickinson constructed a variety of carbon tool-points 
for dressing and working stone ; for turning stone he used 
a triangular prism-like cutter; also for various other 
stone-working operations he designed carbon points in the 
diape of hexahedrons, double-sided trapezoids, drill-faced 
parallelograms, truncated prisms, quadrangular double^ 
faced points, quadrangular pyramids, flat octahedrons, 
flat ovoids, tetrahedrons, &c., <fec. ; but notwithstand- 
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ing the large amount of ingenuity and mone}' expended 
in trying to develop stone-working by means of diamond 
points, we are afraid that, with the exception of drill- 
ing, turning, and perhaps grind-stone dressing, at the 
present the disadvantages attending the use of diamonds 
more than counterbalance any supposed advantages. 

The invention of the diamond drill is ascribed to 
Hermann, who patented it in the year 1854, and claimed 
as novel the use of crj^stals, or the angular fragments of 
thick diamonds embedded by alloys .in a metallic stock, 
for working, drilling, and turning hard stones such as 
granite, porphyry, marbles, &c. For drilling purposes he 
inserted the diamonds in holes drilled for them in the end 
of the drill-rod, the metal being battered down ai'ound 
them to form a bevel. The drill was arranged to slide 
vertically, and was rotated by bevel gearing ; water was 
used when drilling. Leschot, from the year 1860 to 1864, 
designed various forms of diills, and Pihet, in 1866, 
introduced the annular drill-head, which is a steel ring 
studded with diamonds; these, we believe, have been 
used for sinking and blasting purposes at the Mont Cenis 
Timnel and other large works with success. 

The carbon-points are set in such a manner in the ring 
or cylinder of steel that they project alternately on both 
the inside and outside of the periphery, and thus cut a 
clearance in the rock for the drill-bar. The drill-bars 
are usually made hollow, and the core of rock cut out by 
the drill passes up through the bar. Water under pres- 
sure is supplied to the drill to keep it cool, and wash 
away the rocky particles as cut. 

For cutting grooves or channels in marble, a chain-saw 
with its links mounted with diamonds has been used ; the 
diamonds were held in the ends of split screw bolts or 
clamps, which were tapered and forced into tapering 
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holes, causing them to contract upon the diamond. The 
diamond chain-saw was made to run round two wheels, 
with arrangements for feeding it to the stone, and for 
reversing its cutting-action. Diamond points have also 
been used for recessing and moulding stone. These were 
fixed in a circular tool, mounted on a vertical revolving 
spindle, after the manner of a recessing machine for work- 
ing wood. The overhanging fi-ame was arranged to pivot 
in any direction, and the stone to be worked was placed 
beneath the cutting-stool. The difficulty of safely hold- 
ing the diamond points being overcome, this form of tool 
should be very useful in recessing and countersinking 
hard stones. 
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CHAPTEE VL 

CIRCULAR SAWS FOR CUTTING STONE. 

• < 

The earliest form of circular sawing machine used in 
stone conversion was the old ripping bed; this was 
probably used for the first time in this country about the 
commencement of this century. During the last twenty 
years, machines carrjdng circular saws of large diameter 
for sawing, facing, and edging stone, have been intro- 
duced. These saws are usually made of wrought iron 
or steel, with adjustable or false teeth fitted into their 
periphery. Circular saws waste a considerable amount 
of stone, and take more power to drive than frame saws ; 
but are very expeditious, as from 160 to 250 running 
feet may be cut in a day of 10 hours in a stone of 
moderate difficulty. The saws are arranged either 
vertically or horizontally, and the shape of the saw-teeth 
or cutters should be varied according to the nature of the 
stone being worked ; but these points, owing to the vary- 
ing nature of stone, can only be correctly determined 
by practically experimenting on the stone itself. For 
edging and squaring up stone, and to save hand labour in 
jointing, two or more saws are mounted on the same 
spindle, and set so far apart that they just cut the edge 
of the stone on either side, and make it parallel ; it is 
then turned round, and set by the square side, and the 
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other edges are treated in a similar manner. The general 
arrangement of these machines is usually somewhat 
similar to that of a planing machine for iron ; but in lieu 
of the ordinary cutter-box and slide, a horizontal or 
vertical saw spindle is mounted, the stone to be sawn 
being placed on a travelling table which traverses 
immediately beneath the saws. This table, if of cast iron, 
should be of substantial construction, or it may be liable 
to fracture if a heavy stone is suddenly placed on it ; this 
is especially the case in cold weather. To overcome 
this, tables are occasionally made of oak, firmly jointed 
together, and mounted on iron plates. If timber is used, 
we can recommend its being faced with wrought-iron 
plate, as should the stone be placed directly on the wood, 
it will rapidly become rough and uneven, and difficult to 
move the stone about on. For general builders' work 
the saw- spindle should be made to rise and fall, so 
as to adapt it for checking and other similar purposes. 

If the travelling table is mounted to run in V-slides, 
we can recommend for lubricating purposes the formation 
of recesses at intervals of 6ft., in which an iron plate of 
the same shape as the slide and covered with felt can be 
held in position by a spiral spring, and the recess being 
supplied with oil, it is lifted against the V of the sliding- 
table, and thus keeps it constantly lubricated, and with 
much less waste than is occasioned by the oil being 
carried along the whole length of the slide, as is the case 
in most of the machines hitherto made. The travelling 
table should be traversed by means of a screw, as it will 
be found steadier than a rack and pinion, and we prefer 
the table mounted on a dovetail slide, as it is less liable 
to jump after each traverse of the cutters or teeth. 

The old ripping bed consists of a kind of bench or 
table, in which a number of circular saws are mounted on 
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a rising and falling spindle, by which they can be regu- 
lated to the depth of the cut. The marble, slate, or 
stone to be sawn is fixed on a travelling table, which is 
arranged to run on rails fitted to the main framing of the 
bench. This table is fed slowly forward by a screw or 
counterpoise weight and rope. The saws are discs of 
wrought iron without teeth, and are fed with sand and 
water, in similar manner to straight saws. They are 
divided on the spindle by a series of washers, which can 
be regulated according to the width of the slabs to be cut. 
A *' feather " extends the full length of the saw-spindle, 
and prevents the saws turning round. The saws are 
usually arranged to cut upwards. 

Stone saws should always be arranged to rise and fall, 
and also haye lateral adjustments, so that they may be 
readily set to suit any depth or width of slab. Care 
should also be taken that the stone is securely " dogged " 
or held in position, as, should it be allowed to move in 
the cut the stone will be " galled.'* In the case of large 
circular saws, the stone should be held especially firm 
when the saw enters the cut. If the saw should be used 
for edging purposes, and a very thin cut taken, it should 
be supported and guided laterally to keep it from running 
out of the cut. In working stone, it is of the utmost 
importance that the cutting-tools employed should be 
shaped and tempered to suit the different kinds of stone. 
For example, some stone may be cut or forced off in 
large chips, whilst others have to be scraped away. Soft 
or Totten stones are better cut with straight than cii'cular 
saws, and by well weighting the swing-frame they can be 
sawn with tolerable rapidity. 

The- most important point in connection with circular 
saws for cutting stone are the teeth ; these should be of 
simple form, easily made, and readily removed for 
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sharpening. Owing to the constant grinding action of 
the stone, and the consequent friction on the teeth, these 
are invariably made renewable or *' false," and the cutting 
is performed by them, instead of by teeth formed in the 
periphery of a plate of steel, as in sawing wood. These 
false teeth undoubtedly waste more stone than an ordi- 
nary saw would ; but this is more than counterbalanced 
by the fact that by their use the saw always remains the 
same diameter, whilst the ordinary plate would be rapidly 
Worn away and rendered useless. 

The invention of movable tools or teeth for sawing and 
working stone is due to Mr. George Hunter, who, in con- 
junction with the late Sir W. Fothergill Cooke, made 
many improvements in machinery for the conversion of 
stone : in fact, they must be considered, without doubt, to 
be the pioneers of the more advanced type of stone- 
working machinery. These improvements extended over 
a number of years, commencing in the year 1865, and 
they claim the invention of movable tools or teeth 
capable of application to machinery for a variety of pur- 
poses : firstly, to the sawing of blocks and slabs of rock 
of considerable thickness for building or other purposes ; 
secondly, for facing the surface of squared-up stones in 
an ornamental manner ; thirdly, for undercutting stone, 
slate, or coal in situ, when the rock lies more or less on 
the incline, and also for the vertical cutting of the living 
rock.* These machines were manufactured by the late 
firm of Powis, James, & Co., under the superintendence 
of the Author, and very excellent work was produced by 
them, in Bath, Portland, York, and other stones. 

Fig. 4 represents the movable cutting-tool invented by 
Hunter, fixed in its socket or holder. It consists of a 
bolt made of the best rod steel ; the head is forged into a 

* See Journal of Society of Arts, Vol. XV., p. 19. 
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FIG. 4. 



cupped or trumpet form, turned at the edge and then 
hardened. When in use it is simply slipped into its 
socket, which is also made of steel. When the edge is 

dulled or chipped, the tool is 
turned in its socket so as to 
oflfer a fresh cutting margin, 
and as it wears away on the 
advancing side, the tool will 
offer several fresh cutting 
surfaces hefore it is entirely 
worn out. These tools are 
varied in size according to the circumference of the saw- 
plate, and range from 4in. to Sin. long, and the cutting 
head itself from Jin. to IJin. wide. The length of the 
tool allows of the head heing softened, again set up, 
turned, and hardened, until it is too short for further 
use. The stems of the sockets are of the same thickness 
as the saw disc that receives them, and are slipped into 
grooved openings made in the peripher}^ of the disc. 

The other tools for stone-dx'essiiig, used hy Messrs. 
Hunter and Cooke, are illustrated in Figs. 6 and 6, and, 






FIG. 6. 

as in stone conversion, the cutting tools are, without 
doubt, the most important factors of successful working, 
we shall briefly describe them. 

Fig. 5 represents a tool which consists of a disc of 
steel punched from a plate, and shaped precisely similar 
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to the head of the bolt-like tool just described. It is 
ready cupped and sharpened, and made with a boss 
behind to fit into a corresponding groove in the back of 
its holder, and with a hollow in front to receive a set-screw. 
These discs can be punched into the exact form required, 
and only need tempering to be fit for use. The holder of 
the disc- tool so grasps it that its cutting-rim projects only 
very slightly beyond the holder ; it thus offers very little 
leverage to the resistance of the stone, and therefore 
rarely becomes loose. Fig. 6 represents another form of 

cutting- tool : it is formed out .^ 

of a symmetrical, acute-angled \. y 

trapezium, cut from a ribbon 
of steel, two or three-six- 
teenths of an inch thick, according to the roughness of 
the work it has to do. To convert these strips of steel 
into the required form of tool, they are bent sharply on 
their middle, so as to bring the acute angles opposite to 
€ach other, but slightly turned out of their cutting-angles. 

These tools are cut from ribbons of steel, and a number 
of the flat slips are screwed up together in the vice and 
sharpened ; they are then bent and hardened, and are fit 
for use. The socket for this form of tool is extremely 
simple (Fig. 7) ; it is merely a hole 
into which the tool slips, and in 
which it is held by the spring of its 
own arms. It was designed for 
roughing down the face of the stone, 
preparatory to the use of the facing- ^^^ ^ 

tool. Messrs. Hunter and Cooke 
also employed flat, concave, and other forms of tools for 
giving ornamental surfaces to ashlars, quoins, sills, &c. 

In the design of their early circular sawing- machine, 
which worked these cutters, there was no especial 
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novelty ; it consisted of a table moving on V-grooves, or 
on friction pulleys, to which the stone to be cut was fixed 
by cramps, or when very massive and rough by chains. 
The table was fed forward by a screw, at a speed varying 
from three to six inches per minute, the speed being 
varied according to the nature of the work being done. 
The saws were mounted in collars, which could be ad- 
justed laterally, and from one to four were used at a time. 
They also claimed the use of a succession of travelling 
tables for carrying the stone, which were always advancing, 
and on which blocks were prepared before the saws were 
ready to receive them. This was with the idea of saving 
the time of running back, unloading, and preparing 
another block ; the table was then either to be sent for- 
ward with a fresh load to another saw, or lifted by a crane 
on to a line of rails parallel to the series of saws, and run 
back to commence its course again. There are, however, 
several practical objections to this plan, and we have 
never heard of its being brought largely into use. 

A further application of Messrs. Hunter and Cooke's 
movable cutting tools was for dressing and facing stone. 
To perform this, the saws were removed from the hori- 
zontal spindle, and in their place a removable cylinder 
was slipped on or bolted on the spindle in halves, and 
this received the cutting tools. These were fixed in tool- 
holders, placed spirally round the cylinder. The object 
of the inventors in arranging the tools spirally was to 
obtain a divided and regular pressure upon the face of the 
stone at intervals of 2in. or 3in., always nearly uniform, 
but ever passing spirally from right to left, this plan 
doing away with the .objection of a large number of cutters 
striking the stone at the same time, as it will readily be 
seen that with tools arranged spirally only a few of them 
would be acting on the stone at the same time, the 
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Temainder entering and leaving the cut at the same 
moment. As many of the latest forms of machines and 
cutting tools for working stone have been based on 
Messrs. Hiinter and Cooke's patents, including tlie Ridge 
stone machine for cutting ridges out of each other, thus ; 




— we think they are fully entitled, as we have before re- 
marked, to be considered the forerunners of modem 
stone-working by machinery. As regai'ds the eai'lier 
constructors of Stone-working Macliinery of which we 
have any reliable records, the names of Mr. James 
Tulloch of London and Mr. James Hunter of Forfar- 
shire will always hold a foremost place. 

In practice circular saws are occasionally mounted on 
vertical spindles, the collars on which the saws are fixed 
being fitted mth a feather, which works in a corre- 
sponding groove on the spindles, thus allowing the 
adjustment of the saws up or down to suit the work. The 
stone is cramped on a travelling table, and fed forward in 
the usual manner by means of a screw or rack-feed ; but 
we think saws arranged on a horizontal spindle will be 
found generally more handy and easy of adjustment. 

The objection urged against cutting stone with circular 
saws is the cost of the cutters or teeth ; this objection in 
some cases was tenable, and has gradually led to the 
abandonment of the more compHeated forms of cutters, 
which may possibly theoretically have been of the connect 
form; but their first cost, constant renewal, and difBcidty 
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of keeping in order has led to the adoption of the simplest 
forms, at a conaiderable saving, and we may here observe 
the cost of tools for cutting, say, 200ft. run of sandstone 
should not exceed 5s. 

Some years ago cncular saws with solid teetii were tried 
■with some success, but the cost of renewals was found to 
be excessive ; the saw-plates were ^in, thick, and there 
■was ^in. set on each side of the teeth, thus giving a cut 
Jin. wide ; the speed of the saw at the peripheiy was 
about 108ft. per minute. 

Whatever teeth are employed in circular stone saws, 
they must, to be commercially successful, be of the 
simplest possible form, easy to make and renew. Our 
illustratjon, Fig. 9, represents saw and facing-disc cutters 
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(Stevenson, Rea, and Dunlop's patent), and also cutter- 
holder or socket. An advantage claimed for these cutters 
is that the sharp edge tliey have when new is retained till 
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they are worn out ; they certainly also have the advantage 
of simplicity, and are apparently based on one of Hunter's 
cutters, Fig. 5. 

For cutting window-sills, coping-stones, steps, &c., a 
number of saws can be mounted on the same spindle, and 
five or six cuts taken through a block at the same time, 
and thus also a large amount of stone often thrown on one 
side may be converted into useful and saleable articles. 
Unless the blocks are large the saws need not exceed, say, 
4ft. diam. These are arranged to cut uphill, and the 
stone must be securely cramped on the table. When the 
saw spindle is placed below the travelling table, the saw 
must be arranged to cut downwards, or the saw teeth will 
strike the stone abruptly with a direct jarring blow, which 
will in many cases twist and buckle the saw-plate and 
strip the teeth. 

As regards the cutting-speed of circular saws for stone, 
no arbitrary rule can be laid down, as this must depend 
on the nature of the stone operated on. A speed at the 
periphery of from 50 to 200ft. per minute, or with a 
cutting-speed varying fi'om Sin. per minute in hard stone 
up to 12in. in soft stone, will be found suitable. 

In cutting very difficult stone, such as that containing 
pyrites, the cutting-tools should run very slowly indeed, 
say 40ft. per minute, or they will be found to heat red- 
hot, and will, of course, at once be rendered useless. The 
feed should not exceed 2in. per minute. Some difference 
of opinion exists as to the advisability of sawing stone 
with circular saws, with or without water. Some stones 
can, without doubt, be readily sawn dry, but from our 
experience we prefer wet sawing, as it keeps the tools 
cool and prevents imnecessary dust. 

In machines for sawing heavy blocks, the saw should 
bo raised and lowered by means of self-acting gearing, as 

B 
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raising by hand is a slow and laborious process. All 
beaiings should, as far as possible, be protected fi-om 
dust. The discs carrying the teeth or cutting-tools are 
usually made of wrought iron, but should by preference 
be made of steel, which, although somewhat more difl&cult 
to fit up, are more rigid in work, and less likely to buckle, 
and they can also be made of a slightly thinner gauge. 
If steel is used, it should be of mild temper. 

•In contrasting machines for circular sawing and planing 
stone, with those for wood, it will be found the jmnciples 
of operation involved are directly opposite. In working 
wood, the action is either a splitting one — with saws — or 
;a cutting one, with plane and other irons ; the number of 
revolutions of the tools is also very great. In the case of 
stone-working, the action with fixed tools in which there 
is a dead contact with the stone, is essentially a grmding 
one, and with revolving cutters the stone is " spauled " 
or levered off; the speed of working is also slow, tha 
pressure, however, on the cutting tools and bearings 
is usually much greater than that of wood. With circular 
saws for cutting stone this is especially the case, the 
spindle carrying the saws should therefore be strongly 
supported by massive side standards, and have ample 
beaiing surfaces ; the whole framework of the machine 
also should be of massive construction, to overcome 
excessive vibration in working. Should there be a jar on 
the saw cutters or teeth in working, they will be found to 
deteriorate much more rapidly, and the work turned out 
will not be so true on the face. 

With a well constructed circular saw the stone should 
leave the machine sufficiently true on the face that it 
may be bedded or jointed without further preparation, 
either by hand, or on the rubbing bed or planing 
machine. For rapidly squaring large blocks of stone for 
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harboui' and similar works, circular saws will be found 
especially valuable, and, as they become better known, 
their use should be largely extended. For dividing very 
large blocks, two circular saws, placed one above the 
other, but working in the same vertical line, may be 
used. 

For joining flat stones, such as paving, all hand labour 
may be saved by moimting two saws so as to trim two 
edges and make them parallel, and by reversing the stone 
and setting it square by these sides, the other edges may 
be served in a similar way. 

Circular saws for cutting stone have been constructed 
of as large a diameter as 13ft., and two of these were 
erected by Mr. George Hunter some years since for the 
Tyne Navigation Commissioners. The following are 
:some of the dimensions and weights : — Saw shaft, 15|in. 
•diameter, weight, 3 tons; driving wheel, 3 tons, standards 
.3 tons each, saw plates with collars, 3 tons 2 cwt. ; height 
above floor, 17ft. ; cut, 5ft. 6in. ; width of cut, Ifin. ; 
speed of tools, 18ft. per minute ; feed of table for cut, 
*3in, per minute. 
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CHAPTER VII. 

STONE-DRESSING AND PLANING MACHINES. 

In designing machines for dressing stone to a plane 
surface, the first idea that appears to have struck the 
greater majority of inventors was to imitate the action 
of the mason's chisel or quarry axe by mechanical means, 
and the whole of these have ended either in absolute 
failure or in the very smallest degree of success, and the 
reasons for this are not very far to seek. To make a 
" steam stone-mason " commercially successful, it must 
be able to turn out a large amount of work, and to do this 
necessitates the use of a considerable number of masons' 
chisels. To successfully work these mechanically, may 
not appear ver}'^ diflScult in theory, but in practice we 
invariably find, where a large number of tools are 
employed, they vary in wear fi'om difference in temper, 
material, or the work they have to do ; and this is, with- 
out doubt, one of the great reasons of the failm'e of this 
class of machines, whether for working stone, wood, or 
other materials. There are, however, other reasons why 
the action of the mason's chisel has not been imitated 
successfully ; it is in a degree elastic, and can be varied in 
strength and angle at the will of the operator, who can at 
the same time pick out the weaker points of the stone, 
and by attacking it here throw off larger chips than he 
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otherwise could do. On the other hand, a blow given 
by mechanical means is a positive one, and although it 
may be made elastic by a spiral spring or other means, 
its strength or the inclination of the cutting tool cannot 
be varied at will, as is the case when worked by hand. 
Again, when a number of chisels are employed mechani- 
cally, there arises the difficulty, not only of their 
variation in wear, but of keeping them sharp, necessitat- 
ing (even if made reversible) constant stoppage of the 
machinery ; but the mason's quarry-axe or chisel is kept 
constantly sharpened by his turning it about and chang- 
ing his hand, or reversing the direction of his work. 

Revolving tools of various types, having a circular 
movement in a parallel plane to the face of the stone, are 
employed for stone- dressing ; and vertical cutting blades 
acting as a knife, and toothed-blades, each tooth acting as 
a chisel, have also been used. We are strongly against 
high-speeded cutters for dressing stone, unless they can 
be managed with a rolling contact, in which case the 
attrition is much reduced ; and we think it may be taken 
as an axiom that in all tools used ^for dressing stone 
those which produce the largest chips without ** pluck- 
ing " the stone, or make the least dust, are to be preferred, 
as the tool which produces much dust is rapidly grinding 
itself away, from its dead contact with the stone. A large 
number of cutters should in all cases be avoided, owing, 
es we have before remarked, to the practical impossibility 
of keeping the temper and consequent wear of them all 
alike. It is important whatever system is employed that 
the surface of the stone is not crushed or bruised in the 
working, or when fixed it will be found to much more 
rapidly deteriorate. 

As regards the materials used for tools for stone-dress- 
ing, chilled cast iron and steel are those almost entirely 
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employed, but there remains ample scope for an invention 
in this direction. What is wanted is a material combin- 
ing hardness and toughness in the greatest possible 
degree> to withstand the enormous strain and abrasion to 
which the tools are subjected. 

Various other plans for planing and dressing stone by 
mechanical means have been tried ; in most of these the 
stone is dressed by tools fixed in a stationary tool-box or 
holder, whilst a travelling table on which the stone is 
fixed passes beneath them, after the manner of an 
ordinary planing machine for working u'on. One system 
consists in arranging a series of cutters on a hollow 
revolving cylinder, which is provided mth small perfora- 
tions or openings near each cutter, and also with a 
stuffing-box and pipe, through which water may be con- 
ducted to the stone at the point where the tool is acting. 
In another plan cutters are attached to a rotating-wheel, 
and act upon the face of the stone, which is fixed on a 
travelling table, traversed by rack and pinion gear. A 
dressing-wheel has also been worked — ^but, we believe, 
with only small success — with slits across its periphery, 
and arranged to hold sand, which acted in lieu of steel or 
iron cutters upon stones fixed on a table which traversed 
beneath; 

"We believe that the first machine made for dressing 
stone in this country was that patented by Mr. James 
Hunter, of Leyonide, Forfarshire, about the year 1884 ; 
it was generally known as the Forfarshire stone-planing 
machine, and no improvement in the principle of working 
in that class of machine has since taken place, although 
the framing and general details have been strengthened. 
Roughing and facing tools were employed, and these were 
so arranged that whilst at work the attendant could 
adjust them to any desired cut, and could bevel or set to 
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any cutting-angle the facing tools. For dressing York- 
shire flags a very ingenious arrangement for throwing 
over the tools after each stroke was employed. We 
believe that tertiary limestone was also "successfully 
worked by this machine, some samples of which, although 
rather hai'd, are not much more difficult to work than 
the soft stones commonly employed for building purposes. 

There was a stone-planing machine exhibited in the 
Industrial Exhibition, New York, 1858, adapted for 
dressing hard stone. This machine consisted of an 
upright frame, in which revolved a vertical shaft, carrying 
three horizontal arms. At the extremity of these arms 
were fixed circular cutters, inclined outwards about 45° 
from the perpendicular, or about the angle at which the 
workman would hold his chisel. They were about lOin. 
in diameter, and fin. thick, made of steel and bevelled on 
both sides, leaving a sharp edge. They were fitted upon 
axles, and were at liberty to revolve loosely in their bear- 
^ ings as their edges struck the stone. The cutters were 
carried round by the shaft at the rate of about 80 revs, 
per minute when planing freestone, and 60 when planing 
granite. The stone was moved forward on a bed to which 
it was keyed ; the cutters struck its surface obliquely as 
they were carried round on the revolving arms, turning 
at the same time on their own axles, and chippmg and 
breaking off the projecting portions at every cut. The 
machine is reported by Whitworth to have planed the face 
of a stone 4ft. long by 2ft. wide, in seven minutes. 

Another modification of this machine, which was not 
so economical, was employed when it was necessary that 
the face of the stone be left in lines as it came from the 
tool. The stone was keyed on a travelling bed and 
passed under a frame, in which worked a sliding-caniage, 
driven by a crank ; in this carriage was fixed the circulai? 
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cutter at the required angle, and as the stone was carried 
along, the cutter was driven backwards and forwards 
across its face at right angles to the direction in which it 
moved, and chipped off parallel breadths of stone at every 
cut. The cutters could be used for planing from 300 to 
400 square feet of freestone surfaces, and about 150 
square feet of granite, without being ground. 

This latter statement is given by Sir Joseph "Whitworth, 
in his report of the Exhibition ; but if it could be borne 
out by facts, we are at a loss to understand how it is 
machines giving apparently such favourable results have 
not been largely manufactured and introduced. As 
regards dressing the granite, this is especially incompre- 
hensible, as up to the present date we are not aware of 
any commercially successful machine for this pm'pose, 
although much money has been spent, and many 
improvements in the principles of construction and 
manner of working have been introduced. 

The Earl of Caithness, many years ago, invented a 
stone-dressing machine, which has chiefly been used in 
dressing the Caithness flags. In this machine, the 
cutters are arranged to strike the surface of the stone 
vertically ; and the apparatus consists of a set of vertical, 
parallel bars of metal arranged in suitable guides in a 
substantial framing, and furnished at their lower ends 
with steel or hardened metal cutting or reducing edges. 
These bars are actuated by cams, which elevate them to 
a certain predetermined height, when they are allowed to 
drop on the face of the stone or other substance under 
treatment, and thus chip or cut away the sm^face, the 
stone at the same time being fixed on a bed, and made 
to traverse slowly beneath the cutter. 

The framing of the macliine resembles that of a 
planing-machine for iron. It consists of two cast-iron 
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standards, carried upon a timber base, each standard 
having a front bracket carrying a bearing for the cam- 
shaft which lifts the cutter-bars. These bars, which 
are all guided vertically in the framing, are shod at 
their lower cutting ends with serrated or notched steel 
faces for chipping the stone. Each of them carries an 
adjustable stud-arm, against the under-side of which the 
revolving cams of the shaft strike in working. The cam- 
shaft is cast with all its cams— one for each cutting-bar 
— solid upon it. It is driven by a belt and pulleys, and 
q.s it revolves, the cams, being disposed hehcally upon it, 
lift up and let fall the cutters in succession. This gives 
a dressing or chipping action right across the face of 
the stone beneath, and produces the finished surface 
necessary in footways. The stone is carried by rollers 
mounted on a travelling carriage, which is moved forward 
after each revolution of the cam shaft, to present a new 
surface to the cutting action. In some instances it may 
be necessary to elevate the whole of the cutters from the 
stone at the instant the latter is traversed forward; this 
is accomplished in the present machine by a cam. On 
the end of the main shaft the feed-motion of the stone is 
affected by a link-rod worked by a stud-pin from the 
main shaft, the lower end of this rod being connected to 
the racket action of a central traversing chain pulley 
shaft beneath the stone. The notches of all the cutting 
faces except the two outside ones run in the line of the 
feed-motion ; the two outside cutters have their notches 
running the transverse way to avoid injmy to the arrises 
of the stone. 

The cutters in a machine invented by Mr. Jos. E. 
Holmes, of Mold, about 15 years ago, were arranged 
to act horizontally, the power being appUed by a driving- 
belt direct from the engine to a rocking crank driving- 
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shaft, to which the cutters are attached. At the opposite 
end of this diiving-shaft was an arrangement of bevelled 
gearing, whereby the cutters were put into or taken out 
of gear, and by which also the power was transmitted to 
a vertical spindle, which by a worm wheel operated on 
the travelling table. In working a block of stone down 
to a rough surface, two sets of cutters were employed, 
and so adjusted that when the motion of the table was 
reversed, the one set cut away the ridges left between 
the groves cut by the other set. For granite, black 
marble, and the harder kinds of stone, grooving points, 
rather than chisels, were used for the rough cutting 
down . to a uniform level. The finishing tooling was 
done by a broad chisel working across the entire face of 
tlie stone. The accompanying sketch (Fig. 10) will 




FIG. 10. 



convey an idea of the form and action of the working 
arm and cutters. The rocking shaft at A gives the 
scooping action to the range of cutters. When the stone 
has passed for its whole length under the cutters, the 
motion of the table is reversed, the pin at B is taken 
out, and the arms are joined again at E, and the cutters 
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or dressing tool, as the case may be, at D are brought 
into action. 

It is evidently an attempt to imitate by mechanical 
means the elbow-and-wrist-movements of a stonemason 
whilst at work ; but, like all other machines designed on 
this principle, was not permanently successful. 

In the early patterns of Mr. Holmes' stone-dressing 
machine, the face of the stone to be dressed is placed in 
a vertical position, and acted on by cutters, which are 
mounted in a cutter-stock, carried by travelling arms. 
The cutting-tools are arranged in pairs, and by means of 
a lever a rocking motion is given to the cutter-stock, 
causing the right and left-hand tools to act alternately on 
the face of the stone* The lever is actuated by an eccen- 
tric of adjustable throw on a vertical shaft, carried by the 
outer ends of the travelHng arms, and diiven by a bevel- 
wheel which traverses on the main shaft. The feed- 
motion is given to the travelling arms by two longitudinal 
screws driven by a pawl and ratchet-wheel. The pawl is 
reversed at each end of the traversing motion, so as to 
reverse the direction of the feed. The stone is held in 
position by clamps and wedges, and by inclining the bed- 
plate or table on which it was mounted, surfaces could be 
dressed at oblique angles to one another. 

Mr. G. Hunter's first machine for sawing and dressing 
stone was patented in the year 1855, but we have already 
noticed it at length. 

Schwartzkopff and PhilHppson, in the year 1859, 
patented the adaption of the principle of the steam- 
hammer for dressing stone, adjusting the blows of the 
hammer to the nature of the material under operation. 
The steam cylinder was mounted by the inventors on a 
sliding bracket or frame which traversed up and down the 
face of the main framing by raising or lowering the 
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sliding frame ; the piston-rod which carried the cutting 
tool was either lifted from, or hrought closer to, the stone 
being operated on, at the option of the workman. The 
Stteam for working the piston was admitted to or shut off 
by a rotating valve, actuated by two cams (canned b}^ a 
cross-head attached to the piston-rod), which acted on a 
projection on the spindle of the valve, and caused it to 
rotate. In order that the steam-pipe which admits 
steam to the valve -box of the cylinder may be moved up 
or down when the cylinder is moved, its end passes 
through a stuffing-box in the top of a chamber in the 
upper part of the main frame, into which chamber the 
steam is first admitted. In dressing stones the whole 
apparatus was mounted on a slide with horizontal and 
vertical movements similar to those found in a planing 
machine for working iron. 

. The stone was mounted on a truck running on rails, 
and brought beneath the cutting- tool by means of a worm 
and rack worked by a hand-wheel. After each blow of 
the piston-rod containing the tool, on the stone, it was 
forced back to its original position by means of springs. 
We believe this machine has never been practically used 
in this country, but we think that the plan is sufficiently 
original, and of enough promise to merit further experi- 
ment in this direction. For dressing granite or other 
very hard stone, if the cutting-tools could be made to 
stand, this machine should be as successful as any other 
that has been tried for this purpose; but as most 
machines for dressing granite have hitherto been par- 
tially or wholly failures, this is perhaps not very high 
praise, and there is no doubt a really practical and 
commercially successful machine for dressing granite yet 
remains to be invented. 

In the year 1860, Mr. C. Schiele, of Bebbington, 
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patented a machine adapted for cutting or dressing-stone, 
amongst other operations. The general arrangement of 
the machine may be described as follows: — On a 
revolving shaft was fixed a large boss or centre-plate, on 
which were linked, but free to swing, a number of arms, 
and when employed for dressing stone a cutting hammer 
was mounted at the end of each arm. On the cutter 
spindle being set in motion, the arms were thrown out to 
a radial position, from the centrifugal force imparted, 
and operated on the stone blocks to be dressed, which 
were fixed on a truck arranged to travel beneath the 
cutting-tools. The cutting tools employed were fashioned 
after the manner of those used by stone-masons — ^whose 
actions they were intended to imitate — for dressing 
purposes ; each of these tools was fixed by its handle, 
strengthened by a taper hoop, holes being drilled through 
the handle for the tool to swing in, round a pin secured 
to another hoop of wrought iron. A number of these 
hoops were fixed side by side on a shaft in such a way 
that when the shaft was put in motion they delivered 
their blows on the stone in succession ; each hoop was 
provided with an elastic cushion. To prevent injury 
from the tools flying off — which we should imagine they 
would be likely to do — guards were placed over them, 
and small jets of water were used to keep the tools cool 
and lessen the dust. We believe this machine was unsuc^ 
cessful — never came into practical use ; but as an 
attempt to imitate the hand-labour of the stonemason by 
mechanical means, it is worthy of note. 

A machine for dressing stone was exhibited by Mr. 
Jos. E. Holmes, of Mold, at the International Exhibition 
of Vienna, 1873 ; its general arrangement was somewhat 
similar to a planing machine for iron. The table was 
traversed on rollers, and driven by a rack and pinion ; 
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the stone was held in its place by brackets fastened on a 
table by adjustable bolts. The cutter-barrel or spindle 
was made adjustable, and two kinds of cutters were em- 
ployed. For roughing out, a series of independent tools 
or punches mounted in two rows were employed, and for 
finishing, a plain blade or cutter the full length of the 
block was used. By means of a very ingenious vernier 
combination or disc arrangement, the cutters could be set 
to take a greater or less cut, according to the angle at 
which they were fixed. 

The system of stone-dressing pursued in the Cook and 
Hunter patent machines of the earlier types, was to 
mount the cutting tools spirally round an axle or 
cylinder, the shortness and sharpness of the tool-cut 
being regulated by the diameter of the axle or cylinder, 
the number of cutters, and the rate of feed. For face- 
dressing the softer kinds of stone, this system has some 
advantages ; but for working hard stones, we consider 
another system of revolving circular cutters, arranged 
with a rolling contact, altogether superior. It can 
however, be used with advantage in mouldmg Bath, 
Portland, Caen, and other soft stones, and under this 
head we shall further describe it. 

Om' illustration. Fig. 11, rej^resents a machine of the 
horizontal-barrel class from the designs of Mr. Holgate. 
As will be seen from the drawing, two cutter barrels are 
arranged, the first carrying narrow cutters about fin. wide 
for roughing out the face of the stone, and the second 
barrel carrying cutters about IJin. wide for finishing 
the sm'face. The cutters are forged from bar steel IJin. 
by 1^ and lin. by lin. respectively. The travelling table 
which carries the stone is arranged with a quick return 
motion. The cutter barrels are arranged to be raised 
and lowered either by belts or hand as may be preferred. 
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A few years since, a machine for dressing stone was 
patented by Messrs. Brealey and Marsden. The general 
arrangement of the machine is similar to an ordinary 
planing machine for iron. On the horizontal cutter-shaft 
are mounted a number of eccentrics — apparently in a very 
sunilar way to that employed by the Earl of Caithness 
many years before — all having the same throw but ar- 
ranged spirally round the shaft. Each eccentric carries 
two rods, which are set at an angle of 45° ; to each of the 
rods small brackets are bolted for carrying the cutters, 
which are made of thin steel plates of different forms, 
according to the work to be performed. Slots are made 
in the cutters for adjusting them, but they are not allowed 
to project far for fear of springing. Two sets of cutters 
are emplo3'ed, one set serrated for roughing out, and the 
other set plain. Either of these sets of cutters can be 
brought into operation by means of a rocking quadrant 
frame worked by a hand-wheel, and the cutters set to 
meet the stone at any desired angle. The cutters operate 
by a rapid succession of blows across the slab. 

The general arrangement of this machine is massive 
and well designed, but its weak point is, without doubt, 
the large number of cutters employed. 

The most efficient machines for di'essing plain surfaces 
on liard stones, with which we are acquainted, are 
those made under the patents of Messrs. Brunton and 
Trier. These are based on principles differing essentially 
from other machines in use, and from their novelty are 
deserving of an extended notice. The pith of the inven- 
tion, as described by the patentees, consists in giving to 
circular cutters a determinate rotation on their own axes 
at the same time that they are carried round in a circle, 
their cutting-edges describing a circular path. The aim 
of the inventors has been to so adjust the rates of cut^ei 
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rotation and movement round the circle, relatively the 
one to the other, that the cutting edge shall exactly roll in 
t}ie. circular path or track. The patentees claim that with 
a nicely-adjusted rolling action there is very little attri- 
tion, and that this is chiefly due to the forward movement 
of the stone ; at the same time little heat is produced and 
the cutter-edge wears away very slowly. This latter 
premise must, however, of course, depend on the nature 
of the stone, as should they have to pass through pyrites> 
or what quarrymen call " flock,"- the wear and tear of the 
cutters must of necessity he largely increased. The 
velocity at which the cutters are speeded for ordinary 
purposes is 2,000ft. per minute ; hut this may he 
increased according to the nature of the stone heing 
operated on, as the inventors' experience has shown 
that the greater the velocity of the cutters the hetter 
they act. 

In an interesting paper on their stone-dressing ma- 
chinery,* Messrs. Brunton and Trier claim that their 
machine, as contrasted with others in use, takes hold of a 
new principle of action — the action, namely, of circular 
rotating cutter, operating hy rolling to chip off from the 
stone the inequalities of its surface. This, they say, 
constitutes the elementary principle, and may be stated 
as a rolling pressure brought to bear at the base of a 
certain projecting portion of stone, with^ the intent to 
force it off. The great power of such a pressure to effect 
the desired object, is due to the fact that its incidence 
at any given moment (or what may be called the tread 
of the cutter) extends over a very small space, and that 
upon this small space the whole force in exercise is con- 
centrated. 

We have in stone a material composed for the most 

* Read before the Institute of Mechanical Engineers, January, 1881. 
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part of particles hard enough to cut and wear away the 
hardest steel, but held together by a cohesion relatively 
far feebler than that which holds together the moleculeg 
of steel or chilled cast iron. Hence it will be evident 
thsct in attacking such a substance by a metal tool, it is 
of the first importance that attrition be avoided. If this 
enters in any considerable measure into the conditions of* 
the contest, the metal will be worsted ; but if it be a ques- 
tion of simple pressure, the stone will inevitably -be 
overcome. The first application of the principle was to 
the turning of stone, especially granite. The simplicity, 
of this application was due to the circumstance that the 
<3onBtantly-revolving stone presented a continuous surface 
for attack; and the contact of the edge of the rotating 
<3utter with the surface was therefore unbroken. The 
cutter, once set in motion by contact with the stone, con- 
tinued rolling, and, being placed at an angle of about 25*^ 
to the axis of the stone, chipped the surface away 
incessantly in a spu'al line, as the slide-rest and tool- 
holder moved along the bed of the lathe. The concur- 
rent revolutions of the stone and the cutter reduced attri-' 
tion to a minimum, and considerable speed of surface 
rotation was attainable. With two cutters, one on each 
side of the column, an inch and a half or more would be 
taken off in a single traverse. But when plain surfaces 
had to be dealt with, many difficulties presented them- 
selves. The contact of the cutters with the stone was ' 
necessarily intermittent. To accomplish a useful quantity 
of work speed was required ; but to bring cutters into 
rapid rotation by a contact with the stone, which was 
made and broken at every moment, involved much attri- 
tion, and consequent wear. Although it may seem a veiy 
simple remedy for this difficulty to drive the cutters — ^in 
other words, to give them mechanically an independent 
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rotation, such that their edges should roll on the stone — 
yet this simple remedy was not thought of till a consider- 
able time had been spent in efforts to dress plain surfaces 
by simple contact. 

Ai; essential feature in the machines under notice is 
the construction of the tool-holder or chuck employed. 
These are arranged to carry three or more circular 
saucer-shaped revolving cutters, made of chilled cast-iron 
or steel. Each cutter is mounted on a spindle, and set 
at an angle to the plane of its rotation. These spindles 
carry also small toothed wheels, which gear into a much 
larger one mounted in the centre of the chuck, and 
which imparts to the smaller toothed wheels, and, 
therefore, the cutters, a rotary motion. The chuck 
itself is carried on a hollow shaft, through the interior of 
which passes a second shaft or spindle, on to which the 
before-mentioned large toothed wheel is keyed. Motion 
can thus be imparted to the chuck and cutter in 
proportion to thek relative diameters, and the speed 
thus varied according to the nature of the material being 
operated on, The cutters may be inclined either towards 
or from the centre of the chuck, thus giving rise to two 
types of chucks, internal and external, the internal 
cutting with the inner edge of the cutters, and the 
external with the outer 'edge. Each type has its own 
merits, and we illustrate them herewith (Figs. 12 and 13) 
They are thus described by the inyentors : — 

Fig. 12 represents an internal chuck, having the cutters 
inclined towards the centre. If the stone can be brought 
within the circle of the track of the cutters, it may be 
moved in either direction against them. If the stone is 
too large for this, the bed must be inclined to the plane 
of the chuck sufficiently to allow the rough undressed 
surface of the stone to pass, as shown at a. Chucks of 



STONE-DRESSING AND PLANING MACHINES, 67 

this tjrpe are usually of considerable diameter, and are 
chiefly used for dressing large blocks. 




t— « 

d 



Fig. 13 represents an external chuck, that is, having 
the cutters inclined from the centre. The stone moves 
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from the outside of the chuck against the revolving 
cutters. An inclination of -rg- of an inch in the diameter 
of the chuck, to the plane of the dressed surface, is given 
to the axis of the chuck, in order to obtain back 
clearance. The inclination or tilt given to the chuck is 
too slight to produce any perceptible hollow in the 
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surface of the stone, and it is reversible, permitting the 
stone to travel in either direction. This type of chuck is 
usually employed for dressing stone of moderate size ; 
but wide surfaces may be dressed in successive breadths 
by moving it across the face of the stone. 

To produce a sharp arris, it is necessary that the line 
of the centre of the chuck be outside the edge of the 
stone (see Fig. 14) ; and to attain the best result, that 
the cutters roll off the stone, as shown by the arrows, and 
not on it. 

The cutters both in internal and external chucks are 
set so as to cut in three or more planes or steps (see 
Fig. 15). When set in three planes, the cutters are dis- 
tinguished as Xy ?/, or z^ the upper or commencing cutter 
being x^ and z the finishing. They follow one after the 
other in rotation as the chuck revolves, each being on its 
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own separate spindle. The advantages claimed for this 
arrangement by its inventors are that a considerable 
depth of cut may be taken at each passage of the cutters, 
and thus ordinary quarry-scabbled stone may be dressed 
at one operation. It is claimed that " plucking " of the 
stone is avoided, as although the chips forced off by x 
may break away below its plane, it is unusual in the case 
of y^ and practically impossible with 0, owing to the 
overlying stratum of stone, and any pluck marks that 
may be produced by x are obliterated by z. It is also 
claimed for this principle of working that the face 
pressure of the cutters is greatly diminished, and very 
sharp arrises are obtainable. 

Our illustration. Fig. 16, represents a machine for top- 
dressing hard stones, such as those usually employed for 
flags, landings, steps, &c. As will be seen from the 
engraving, the chuck employed is of the external type, 
and is arranged with a self-acting vertical and transverse 
traverse. The stone to be dressed is placed on a travel- 
ling table, which passes beneath the cutters, ' and is 
actuated by means of a rack and pinion. The main 
framing of the machine is made of massive construction 
to overcome the vibration in working. Many difficulties 
have been surmounted by the inventors in developing this 
principle of working, and, from samples of stone dressed 
on their machines that we have recently inspected, the 
surface leaves little to be desired. As regards the 
adaptability of these machines for dressing all kinds of 
stones generally used in building construction there can 
be but little doubt, but as to dressing the very hardest 
stone, such as granite, we are of opinion that many 
difficulties have yet to be overcome, if not an entu-ely 
new principle of action invented, before granite dressing 
by machinery can be made commercially successful. 
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In all classes of stoneworking machinery, where the 
pressure on the cutters is heavy, or where sand and grit 
has a chance of getting on to the working surfaces of the 
bearings, especial means of lubrication must be taken. 
In the machine last noticed, the chucks, with their 
spindles and gearing, are lubricated by means of soap and 
water, introduced through the centi-al shaft, which is 
made hollow for this purpose, and thence passes to the 
various working parts. 

Fig. 17 represents another type of machine especially 
adapted for dressing the sides of stones of a moderate 
degree of hardness, as generally used in building con- 
struction, for ashlar mullions, copings, sills, &c. Long 
stones can be dressed on the ends and jointed by them ; 
and it possesses the advantage of cheapness over the 
machine already described. The chuck employed is of 
the internal type, and dresses the whole surface of the 
stone at one sweep, and the table caiTying the stone is 
speeded to travel from lOin. to 20in. per minute. The 
chuck revolves in a fixed position, but can be adjusted 
laterally against the face of the stone. 

The inventors construct another machine of the same 
type as tlie one last described ; but instead of the chuck 
revolving in a fixed position, it can be raised or lowered 
automatically, so that stones may be dressed in successive 
breadths. When it is necessary to dress pillars they are 
mounted in cradles or fence brackets bolted to the table, 
and these are arranged to give any desired angle to the 
stone. 

Messrs. Coulter and Harpin patented, in 1872, improve- 
ments in machinery for dressing or facing and shaping 
stone, marble, or granite. The improvements claimed 
are the use of straight cutting tools, which are so 
arranged that they turn over after every single traverse of 
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the table carrying the stone, and preseut a fresh cutting 
edge ; they are thus kept coustantly shaqiened, and 




operate oil the stone dui'ing both the back and forward 
journeys of the table. 
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As will be seen from the illustration, Fig. 18, an 
ordinary planing machine for working iron is the basis 
on which their improvements are founded. The cross- 
slide bed is mounted on an axis in brackets, which can slide 
up and down the upright standards. The cross-slide bed 
is slotted to receive a tool-box, thus bringing the tools 
through the centre of the bed, and consequently the 
pressure on the tools has no tendency to lift or move the 
cross-slide during the cut. The tool-box is arranged 
with a transverse movement by means of a screw in the 
ordinary way. The turning over of the cross-slide bed for 
reversing the position of the cutting tools is made self- 
acting in conjunction with, and actuated by, the reversing 
motion of the travelling table carrying the stone. In 
order to check the .fall of the cross-slide bed when turning 
over, an air-cylinder and piston are used, the cylinder 
being charged with air, which is compressed by the fall 
of the cross-slide bed, the air then passes through per- 
forations in the piston, thereby allowing the full weight of 
the cross-slide bed and tool-box with tools to act as a 
resistance against the pressure on the tools. The travel- 
ling table carrying the stone runs on angular- shaped rails, 
so shaped to avoid an accumulation of sand or grit, as 
would be found were the ordinary V-shaped slides used. 
The general arrangement of the machine is well thought 
out, and taken altogether it must be considered to be a 
good example of its type. For working curbs and chan- 
nels, mouldings and general mason's work, a rocking table 
can be employed with advantage, as the stone, when once 
properly fixed, can readily be set to any desired angle, or 
turned any side up, as may be required. Fig. 19 repre- 
sents a tool-holder and tool. 

In some stone-dressing machines of recent construction, 
in place of the ordinary fixed tool-box and tools employed 
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in a planing macliine for working iron, one or more 
cutter-barrels are arranged horizontally. Tlie cutters 
are usually forged from plain bars of steel, and if two 
barrels ai'e used it will be found beat to airange the firat 
barrel with narrow cutters for roughing out, and tlie 
second baiTel with broader 
cutters for finishing. The 
cutters should not project 
fi'oni the baiTel more than 
three or four inches, or the 
leverage and consequent attri- 
tion on the cutters will be 
lai'gely increased; and it will 
be found advantageous to ar- 
range them spirally on the 
cutter-barrels so tliat the 
blows on the stone and con- 
sequent jar and vibration will 
he distributed, and not be one 
puj. ]9. sudden concussion across the 

whole length of the stone, as 
would be the case were they arranged in straight lines. 

But any machine of this type, emplo\-ing a nujuher of 
cutters, as we have before remai'ked, labours under the 
serious disadvantage of inequality of wear in the tools. 
The cutter-barrels should in all cases he raised by power, 
as much time is lost when manual labom' is employed. 
As the pressure and strain on the bearings caiTying the 
cutter-barrels is very considerable, they should be made 
of increased length, say about three diameters, and pre- 
ferably made of phosphor bronze. The travelUng table 
shoidd be fitted with a quick return motion, should run 
on rollers, as the ordinary V-slides would be rapidly 
ground away by tlie grit and dust made in working. 
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Plain disc surfacing machines for stone have been used 
with some Kttle success, especially for tolerably soft stone. 
They consist briefly of cast-iron discs arranged to 
revolve vertically or horizontally. Around the periphery 
of the discs is arranged a series of cast-steel cutters which 
act on the stone. The stone is mounted on a table, and 
traversed either past or beneath the cutters. EectUinear 
reciprocating machines for dressing stones have also been 
tried ; in these the cutting tools are mounted in a travers- 
ing slide, and are arranged to operate on the stone at 
ever}^ traverse of the slide. For scabbling large blocks 
from the rough, this latter arrangement may be used with 
advantage in the quarry ; but for finishing purposes, it is 
hardly good enough. The tools are generally made with 
double noses,so that theymay cut both waysof the traverse. 
For dressing ashlar, or for bedding stones in lieu of a 
rubbing bed, plain flat steel cutters fixed in movable 
cutter-blocks, mounted on horizontal or vertical revolving 
spindles, may be used with advantage. The travelling 
tables of planing or moulding machines should in all cases 
be arranged with variable rates of speed, to suit different 
classes of stone. 

The dressing of granite by mechanical means is a pro- 
blem that has engaged the attention of engineers for 
many years, and is still, practically speaking, unfulfilled. 
The invention of rotating cutters for turning and dressing 
granite is generally, and, I believe, rightly attributed to a 
Mr. Newton, who spent large sums of money in con-* 
structing machines for granite dressing, which were, how- 
ever, not practically successful. Mr. Wm. Johnson, of the 
Hayton Granite Co., also took out a patent about 40 
years ago, with the same object in view, and a number 
of others have since been taken ; but we cannot learn 
of any one of them being a success. The nearest ap- 
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preaches however, we believe, are those of Messrs. Brun- 
ton and Trier. 

Our illustration, Fig. 20, represents an external side- 
dressing machine (Brunton and Trier's Patent.) In this 
machine the stone to be dressed is mounted on a travel- 
ling table and traversed past the cutters at a speed of 
from 18 inches to 30 inches per minute, according to the 
nature of the stone being worked. The chuck carries three 
cutters and makes 300 revolutions per minute; it is 
mounted on a slide, and can be raised and lowered automa- 
tically by means of a belt so as to dress successive 
breadths of stone. 
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CHAPTEE Vin. 

STONE-MOULDING MACHINES. 

The art of moulding stone by manual labour is of very 
ancient origin, but of the implements employed, and their 
nature and composition, comparatively little is known. 
Wilkinson is of opinion that the action of cutting and 
grinding the faces and making ornaments in relief or 
intaglio was performed with emery, probably imbedded in 
some soft metal. The early form of cutters used for 
stone or marble moulding by machinery, consisted of 
solid cylinders of cast iron, turned to the counterpart 
form of the required mouldings. These were mounted 
on horizontal or vertical spindles, as required for flat, 
circular, or edge moulding, the table being traversed 
beneath or past the cutters, as in the machines at present 
in use. Amongst the early machines must be mentioned 
the old ridge roll which has been used for many years for 
rounding the edges of slate slabs. 

In the 3^ear 1833, as we have elsewhere mentioned, 
Mr. G. W. Wilde took out a patent, and in this was 
included some improvements in moulding stone by 
means of sand and water, acted on by a metallic 
cylinder on the periphery of which was formed the 
converse of the intended moulding. 

The old form of machines were termed ** moulding 
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beds," and several of these were constructed by Mr. 
James Tulloch. They were constructed somewhat after 
the fashion of the old ripping bed we have akeady 
described ; but in place of the disc of sheet iron he 
moimted a circular cutter block, on the periphery of which 
was turned the counterpart of the moulding to be pro- 
duced. The strip of marble to be moulded was fixed 
with plaster of Paris to a board or table, which was 
capable of being moved slowly forward by a rope and 
counter-balance weight. The "faithful historian,'' in 
describing this machine, says: " The cutter being set into 
rapid rotation the marble is brought up to it, and is cut 
away by the action of the revolving iron. The marble 
advances onwards as fast as it is cut, and then presents a 
series of parallel mouldings on its surface, the counterpart 
of those in the cutter." With all due deference to the 
" faithful historian," we are afraid that if no other cutting 
or abraiding material was employed, the w^ork tmned out' 
on this machine must have been, to say the least of it, 
rough, or else the marble must have been very soft and 
the cutters very hard. There is little doubt, however, 
that a constant supply of water and very fine-grained sand 
was introduced between the periphery of the cutter and 
the marble. The writer has recently tried several ex- 
periments in moulding marble, with, so far, very encourag- 
ing results. In lieu of iron cutters and sand, he has used 
a certain quality of emery disc or wheel with the profile 
of the desired moulding formed in its periphery ; this he 
found to cut with considerable rapidity, and with certain 
modifications in the constituents of the disc, and in hold- 
ing and feeding the marble, it should be made practically 
and commercially successful. 

About the year 1853 Messrs. Knowles and Bellhouse, 
of Manchester, patented a series of machines for cutting 
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and shaping marble and stone. In one of these they used 
a rotary cutter or rubber combined with a template guide 
for the direction of the shaping surface in the accurate 
contour line of the intended shape of the article to be pro- 
duced from the rough block or slab, as it lay upon a 
traversing table. When symmetrical or circular mould- 
ings were required, the inventors attached a set of shaping 
or moulding blocks to a revolving disc ; this was mounted 
on a vertical spindle and brought on to the work by 
means of a lever. In another machine for circular 
moulding, the necessary working pressure was obtained by 
means of weights or springs, whilst the table carrying the 
stone was arranged with rotary and traverse motions, so 
that, if necessary, it could be made to revolve as well as 
the cutters. We have drawings of these machines before 
us, and they appear thoroughly practical, and reflect credit 
on their designers. 

Moulding machines for working stone may be divided 
into two classes : (1) those in which the cutter spindles 
or barrels work in a horizontal position. (2) Those in 
which they work in a vertical position. As we are 
inclined to favoui' the latter type, we will discuss these 
first. In the earliest machines, as we have already 
mentioned, the converse of the moulding required was 
turned in cast iron and afterwards chilled. Mat cutters 
of. steel mounted in a vertical revolving spindle followed 
these. And also a kind of hollow saucer cutter, made of 
chilled iron, which was attached to the foot of a vertical 
spindle. This was guided in its action by a pointer 
attached to the slide which carried the spindle, and by a 
grooved pattern attached to a portion of the table, which 
was made to rotate. 

In one type of vertical moulding machine, the stone is 
mounted on a travelling table, and traversed by means of 
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a • screw- feed past a vertical cutter-barrel, in which are 
fixed BeveraJ sets of roughing tools, usually six — these 
roughing- down tools are plain rolled bars of steel, of a 
section similar to Fig 21 These can be advanced or 
retired in theii' tool-box to 
suit any profile of mould- 
ing required. The cutting 
edge of one set projects a 
little over the previous set, 
so that each time the stone 
IS tftiversed six cuts ai'e 
mode, the result being great expedition in roughing the 
atone -down to the approximate shape of the moulding 
required^ The roughing tools are kept in- position by 
suitable' packing piecesi and only One set is required 'for 
aiiy.secti6ii>of mqulding that j»ay-bedesirfed. As Soon 
as the stone is roughed down by these tools to the ap- 
psbxiihate shape of the moulding', it is "scraped to its 
fiii/A outline, and finished by a scrapuig cutter, which is 
fixed in the tool-holder or cutter-barrel on the right- 
hand side, or behind the roughing tools. This finishing 
catter is brought into action, and the amount of its cut 
regulated by a hand-lever, under the immediate control 
of the workman. If the roughing cutters are carefully 
adjusted, little work need be done by this tool, and a 
finish and sharpness of outline is produced quite un- 
attainable by hand. 

The table which carries the stone can either be used 
horizontally, or placed at an angle which will be found 
convenient for undercut and other mouldings. The table 
is traversed by a screw-feed worked by two sets of pulleys, 
one for moving the table forward whilst cutting, and the 
other for running it back at a higher speed, preparatory 
to taking a firesh cut. 
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Amongst the most advanced machines for moulc'iing 
■stone must be inchided Hunter's Patent Duplex machine, 
■which we illustrate lierewith {Fig. 22). In this machme 
the stone is subjected to the action of both revolving and 
■scraping tools. The improvements consist in mounting 
two vertical spindles which carry revolving cutters, onfc 




on each .-^ide of u reciprocating or ti'avelling table, upon 
which the stone to he worked is fixed. The cutter 
spindles are driven by screw or worm geaiing; the two 
worms being inside right and left handed, the thrust of 
each partly counteracts that ai tlte other. The table is 
driven by means of a worm working into a rack fixed on 
the underside of the table ; this worm is made slightly 
taper on a shaft somewhat inclined, so that the outer end 
of the shaft to which is applied reversing bevel gear is 
sufficiently low to permit the table to travel over it. 

The mouldings are roughed ont by the small trumpet- 
shaped steel cutters similar to those used for circular saw- 
ing, and shewn in Fig. 4 ; these are momited horizontally 
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on flat malleable iron tool holders, similar to Fig. 24 ; 
these are arranged on the vertical spindles in rotation, 
the sizes of the tool holders being graduated according 
to the depth of the various members of the moulding. 

For scraping and finishing the stone, flat profile steel 
cutters are used ; these are fixed in tool holders, 
mounted on vertical columns mth elevating screws ; on 




FIG, 23. 

the upper part of these columns are fixed cross tubes, in 
which the tool holders are fixed. These are adjustable 
horizontally across the travelling table by means of 
screws, so as to bring the tool to act either on the side 
or on the upper surface of the stone as required. 

The one tool scrapes or planes when the table travels 
the one way, and the other when it travels the reverse 
way, so that no time is lost in running the table back for 
a fresh cut, as in other machines of this class. The top 
of each tool holder is fitted with a swivel to hold an adjust- 
able cross bar for planing an inclined face. 

Mr. Hunter adopts a simple plan for holding the 
cutting tools ; this is illustrated by Figs. 23 and 24. It 
consists of a casting having holes for the reception of the 
tools, and transverse steel keys fitted on inclined beds. 
The tool being inserted into the hole is fixed secure!}^ 
therein by drawing up the key by means of a nut. The 
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key is formed with a V-edge, which slightly impresses 
itself into the tool, and prevents it from moving. Two or 
more tools can he fixed in one holder, and each tool is set 
so as to overlap that in the next holder. These tool- 
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FIG. 24. 



liolders or blocks are for some kinds of stone mounted in 
trunnions, thus presenting a fresh cutting edge to the 
stone when the spindle is reversed. Figs. 25 and 26 
show the method adopted by the inventor for mounting 
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FIG. 26. 



the scraping tools, which are adjustable horizontally 
through the cross tubes before alluded to. Fig. 4 repre- 
sents one form of cutting tool employed by Mr. Hunter* 
The general arrangement of this machine is compact and 
good, and the combination of revolving and scraping 
cutters is not, we believe, found in any other machine of 
this type. For moulding the softer kinds of building 
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stones this machine should be especially serviceable* 
For moulding and surfacing semicircular windows and 
such like curved work, a revolving table is generally- 
employed, the cutters being usually made adjustable in a 
slide, but stationary, the table carrying the stone being 
arranged to revolve against them. For working the 
softer stones this machme can be made to effect a large 
saving over hand labour. 

In moulding or planing stone, it is of the utmost 
importance that the blocks are very firmly fixed. There 
are several ways of doing this. If a number of pieces of 
the same size have to be worked, a good plan is to make 
a strong skeleton frame of hai'd wood, and fix it securely 
to the travelling table. Into this frame the stone can be 
lowered and wedged up. This dispenses with the ordi- 
nary method of cramping, and is more expeditious. To 
further support the tools and stone whilst being moulded 
some engineers fonn the lower part of the box carrying 
the cutting tools as near as possible to the profile of the 
desired moulding. 

For holding shafts or pillars in position whilst being 
moulded or planed, a centre head or head stocks of 
modified form are usually employed. These can be 
moved about on the table, and made adjustable to blocks 
of varying lengths. The stone can also be fixed at any 
desired angle. 

When working mouldings, a template of the profile of 
the required moulding should, in all cases, be made in 
sheet iron and marked on the stone. The cutting tools 
can then be more readil}^ adjusted to suit. 

In dressing and moulding machines where a number of 
cutters are employed, or where they are difficult to adjust, 
it will be found well to sharpen them in their places. 
This can usually be done without much trouble, by means 
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of a revolving emery wheel, mounted in centres, and 
driven by an elastic band. 

In making bevelled mouldings the stone should, if pos- 
sible, be sawn to an angle before being put on the 
machine, as the cutters having thus less stone to remove 
are subjected to less strain, and consequent wear ; at the 
same time the stone is less liable to pluck in the working, 
or break at the arrises. For " checking " deep mouldings, 
a circular saw may be used with advantage, this is fixed 
on the top of the other cutter holder, and cuts into the 
stone before the cutters following it come into play. In 
moulding stone, all complex forms of cutters should be 
avoided ; and many members of the same moulding 
should not be formed on one cutter — except for scraping 
and finishing purposes — or considerable trouble will be 
found in keeping the iron to the desired outline : at the 
same time, it is much more liable to twist or crack whilst 
being hardened. The temper of the cutters should be 
adjusted according to the hardness or nature of the stone 
being worked. We can recommend the following plan for 
hardening cast-steel tools, the edges of which — ^provided 
the steel be good — will be found to stand well : Take four 
parts of powdered yellow resin and two parts of train oil, 
mix them carefully, and add one part of heated tallow. The 
object to be hardened is dipped into this mixture red-hot, 
and is allowed to remain in it until it is quite cold. 
Without having previously cleaned it, the steel is again 
put into the fire, and is then cooled in boiled water in the 
ordinary manner. We purpose giving elsewhere some 
further dii^ections as to tempering the cutting tools ; the 
subject being one of the utmost importance in securing 
the efficient working of the various machines. 

Our illustrations (Figs. 27, 28, and 29) represent a 
stone moulding and planing machine from the designs of 
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Messrs. Western & Co. The cutter barrel is a fixture 
and aiTanged vertically, and plain bars of steel of taper 
section first of all rough out the profile of the desired 
moulding, which is afterwards scraped smooth by a steel 
cutter formed to the exact outline required. In working 
soft stone, such as Portland, a considerable amount of 
stone can be removed at each cut. The stone to be worked 
is fixed on a table, which is traversed by means of a screw 
past the cutters till the moulding is shaped to the desired 
outline. It will be found well adapted for dressing steps, 
string courses, sills, and other builders' stonework. Tlie 
table carrying the stone is fitted with a false top, hinged 
in firont, and adjusted by screws, so that mouldings can be 
worked whose outline would otherwise be undercut from 
the face of the tools. The tools are readily adjustable, 
being divided by packing pieces, and held firmly in posi- 
tion by set screws. 

Those stone-moulding machines in whicTi the cutter 
barrel is arranged to work in a horizontal position, have 
hitherto been modifications of either planing machines 
for working iron, or circular stone-sawing machines. In 
one type of machines the cutter-barrel is made to revolve, 
the cutters being fixed in its peripheiy, whilst in another 
the cutters are fixed in a stationary tool-box after the 
game manner as tools used for planing iron. For rough- 
ing out mouldings a number of small saws, varying in 
diameter according to the profile of the moulding, are. 
occasionally employed, instead of specially shaped tools ; 
they are, however, too expensive for general use. 

The traveUing table which carries the stone can be 
arranged with a reversing motion, and by the employment 
of double-nosed tools they may be made to act on the 
stone during both passages of the table. Two tool boxes 
inay be employed — one on either side of the table — the one 
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being used to finish a moulding, whilst the other is rough- 
ing out. For working architraves, strings, cornices, &c., 
in soft stone, the fixed tool boxes used in this and the 
vertical type of machines should be useful ; but for 
facing or heavy moulding purposes, especially with stone 
of any degree of hardness, we do not approve of the 
system, as the dead contact of the tools and the stone is 
too prolonged. The framing of this type of machine 
should be of massive section to overcome the vibration in 
working* In working soft stone by this method, the 
table should travel at about 4in. per minute for roughing 
Out, and about 10ft. per minute for finishing with the 
scraper ; these speeds, however, should be modified 
according to the nature of the stone being worked. By 
fixing — in addition to the moulding cutters — two circular 
saws on the cutter-barrel, the sides of a block of stone 
may be squared up at the same time as the moulding is 
being cut. ' 

For edge moulding and trueing up slabs, &c., vertical 
spindle machines somewhat similar to those used for 
moulding and shaping wood have been used with some 
success. These machines consist of one or more vertical 
spindles which project above the surface of a cast-iron 
table ; feeding tables which carry the stone or marble are 
arranged on each side of the machine, and bring the stone 
under the action of the cutters. The cutters are usually 
made of steel, and of a shape converse to the moulding 
required, but vary according to the nature of the work, 
some being arranged with perforations for supplying 
emery or other abrading material. The stone to be 
shaped is very securely clamped on the table, and slowly 
traversed past the revolving cutter, usually by hand. 
The travelling table is generally arranged with two 
motions, one tangential to the circle described by the 
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revolving cutter, and the other at right angles to this. 
The bottoms of the vertical spindles run in footstep bear- 
ings ; these should in all cases be made adjustable for 
wear, and especial means taken for their lubrication. 
The cutter spindle should be made of steel, and the main 
framing of the machine of substantial section, to overcome 
as far as possible the vibration of working. 

Our illustration (Fig. 30) represents a machine for 
moulding and planing stone by Messrs. Eotheroe, Sher- 
win, & Co. The machine, as will be seen from the sketch, 
is an adaptation of an ordinary planing machine for iron ; 
the travelling table is fitted with reversing motion, and 
two double boxes are fitted which can carry, if requked, 
two tools, so that the stone maybe, if necessary, operated 
on during both traverses of the table. The stone is 
roughed out with a double-nosed tool and finished with a 
steel cutter shaped to the exact profile of the required 
moulding. 

In concluding our remarks on stone-moulding machines 
we may say we are decidedly in favour of using a combina- 
tion of revolving cutters for roughing out, and stationary 
scraping cutters for finishing, in preference to two 
stationary sets of cutters ; the dead contact of the rough- 
ing cutters with the stone being less, consequently the 
wear and tear and power required to drive is less in pro- 
portion and there is less liability to *' pluck." 
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CHAPTER IX. 

RUBBING OR SURFACING BEDS, 

Rubbing beds usually consist of large discs of cast 
iron moimted on the top of a vertical spindle, to which a 
rotar}^ motion is given by suitable toothed gearing. 

The rough stone to be faced is placed on this disc and 
furnished with a supply of sand and water. The disc 
being set in motion, a perfectly true and smooth face is 
formed on the stone, which is kept flat on the disc usually 
by its own weight, and prevented revolving by means of 
a fence or fences placed across the table, and one or more 
pieces of stone may be faced at the same time. 

Mr. Tulloch's grinding bed dijBfered considerably from 
those now commonly in use : in his machine the slab to 
be ground was placed horizontally on a moving bed, and 
the grinding j)roduced by sand and water, by means of a 
large flat plate of iron resting upon the surface of the 
slab. The two surfaces were traversed over each other 
with a compound motion, partly excentric and partly 
rectilinear, so as to continually change their relative 
positions. 

The machine consisted of a frame about 9ft. long, 6ft. 
wide, and 8ft. high. About 2ft. from the ground is 
mounted a platform that is very slowly reciprocated hori- 
zontally for a distance of from 1 to 2 feet, according to 
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the size of the slab, by means of a rack and pinion placed 
beneath, and worked alternately in both directions. Above 
the platform are fixed, vertically, two revolving shafts, 
having, at their upper extremities, horizontal toothed 
wheels of equal diameter, which are driven by means of 
a central toothed wheel hinged on the driving shaft. The 
two vertical shafts are thus made to revolve at equal 
velocity, or turn for turn ; and to their lower ends are 
attached two equal cranks, placed parallel to each other, 
the extremities of which, therefore, describe equal circles 
in the same direction. To these cranks the iron grind- 
ing plate or runner is connected by pivots, fitting two 
sockets placed upon the central line of the plate. The 
cranks are made with radial gi'ooves, so that the pivots 
can be fixed by wedges at any distance from the centre 
of the crank. When the machine is put in motion, the 
grinding plate is thus swimg round bodily in a horizontal 
circle of the same diameter as the throw of the cranks, 
which is usually about 12in., and, consequently, every 
portion of the surface of the grinding plate would describe 
a circle upon the surface of the slab if the latter were 
stationary. But by the slow rectilineal* movement of the 
platform, the slab is continually shifted beneath the plate, 
so as to place the circles, or rather the cycloids, in a 
different position ; and it is only after many revolutions 
of the cranks that the same points of the surfaces of the 
grinding plate and slab are a second time brought in 
contact. The grinding plate is raised for the admission 
of the slab by means of four chains suspended from a 
double lever, and attached to the arms of a cross secured 
to the centre of the upper surface of the plate, wliicli is 
thus lifted almost like a scalepan. For. slabs that are 
much thicker or thinner than usual, tlie principal adjust- 
ment is obtained by the removal or addition of separate 
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beds or loose boards, laid upon the platform' to support 
the slab at the proper height. Slabs that are too large 
to be ground over the whole surface at one operation are 
shifted once or twice during the grinding. The weight 
bi the horizontal plate supplies the pressure required for 
grinding ; and the pressure can be regulated, if necessary, 
by a counterpoise weight attached to the doubte lever. 
The sand and water required for the grinding is thrown 
upon the grinding plate, which is pierced with a number 
6f holes, and is surrounded by a ledge, so as to form a 
kind of shallow tray. The sand and water find their way 
beneath the plates through these holes, and gradually 
work their way out at the edge. 

About the year 1859 Messrs. Coulter and Harpin, of 
Huddersfield, erected several machines for rubbing build- 
ing stones. The machine consisted of a circular iron 
table on which the stone was laid ; this table was made 
to revolve after the manner of the circular rubbing beds 
how in use, and on the top of it was placed an iron frame, 
arranged to rise and fall according to the thickness of 
the stone on the table. Stones were fixed loosely in this 
Irame, and it was made to traverse backwards and for- 
wards over the face of the stone fixed on the moving 
table. Water and sharp sand were used, and the two 
faces of the stones worked at the same time. It is 
reported that at the trial of this machine the revolving 
table was packed with rough building stones to the extent 
<?f about 80 square feet, and the upper frame was filled 
with paving stones, as they came out of the quarry ; the 
machine was set in motion and ran for twenty-five minutes, 
when it was found that both sets of stones were smooth 
and level, more especially the top stones, which were 
stated to have been as smooth as ice. The amount of 
stone rubbed at a trial in Glasgow in less than half an 
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hour was 150 super, feet, which is about equivalent to 
the work of eleven men for one day. 
. As the stone approaches completion on the rubbing 
bed, the sand is changed gradually for finer kinds, and if 
a very smooth surface is required, the finish is usually 
given with the finest silver sand. If the stone is carefully 
handled, the work turned out on a rubbing bed will be 
found far superior to hand labour, and it can be produced 
^X a much less cost. Another advantage accruing from 
its use is that the mason can make a much neater and 
closer joint, and in less time than with hand -prepared 
stone. For facing ashlar, rubbing beds will be found 
extremely useful, as the rubbing does not bruise the 
atone as is often the case with mason's hand work. The 
pores of the stone are also closed by the rubbing, and its 
general appearance is superior to hand work. The cost 
of rubbing stone may be set down at from Id. to 3d. per 
foot, according to its nature. Heads, sills, steps, &c., can 
also be readily faced on a rubbing table, and a number of 
small pieces may be wedged together. 
. For rubbing or facing long pieces of stone, some 
masons prefer to mount the stone on a traversing table, 
and rub its top surface with a disc, instead of placing the 
stone face downwards on an ordinary rubbing-table, as 
they maintain they can obtain more uniform work. In 
facing long pieces of stone there may be some truth in 
this, as it. will be readily seen that that part of a large 
rubbing disc near the periphery will travel much faster, 
and, consequently, cut quicker than that near the centre ; 
thus more stone is removed from the end of the block 
near the periphery than that near the centre. A skilful 
mason can, however, remedy this in a great degree by 
regulating the supply of sand and water. It is important 
that the table be capable of adjustment both horizontally 
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and vertically, and in the larger sizes, in addition to the 
ordinary footstep bearing supporting the vertical shaft, 
a further support should be given to it rather m6re than 
half-way up. This can readily be done by means of a 
rest, and one or more wrought-iron girders. 

The footstep bearing should be made of steel or 
phosphor bronze, carefully fitted, and especial mean« 
taken for its lubrication, or it may give some trouble in 
working owing to the excessive downward pressure. This 
bearing should also be made adjustable for wear ; if it is 
not, and the vertical spindle be allowed to sink, the bevel 
toothed driving wheel and pinion will become too deeply 
in gear, and breakage will be the result. The revolving 
bed should in all cases be surrounded by a trough for 
carrying away the waste sand and water. A constant 
supply of different grades of sand should be at' hand,- so 
that the workman may use that best suited to the work 
in hand. Adequate means should also be taken for 
lifting the stone on and off the bed, so that no time is 
lost in this way. 

As horizontal disc rubbing beds are of considerable 
weight, being made in some cases of as large a diametet 
as 14ft. or 15ft., to secure their satisfactory working, it 
is of the highest importance that they are truly fixed on 
very substantial foundations. These foundatioils can be 
of stone, brick, or concrete, preferably the first. Imme- 
diately below the vertical spindle a chamber should 
be formed for the driving gear to run in, but sufficiently 
large to admit a workman for adjustment and repairs. 
The foundation bolts holding the footstep pedestal block 
and pinion shaft should pass entirely through the founda- 
tion, as in working a considerable amount of strain is put 
on these. 

In another arrangement for surfacing and polishing 
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the stones are attached to face plates fitted on tables 
arranged with a horizontal traverse ; the face plates are 
made adjustable, so that the stones can be advanced to or 
from each other, the plane surface of the stone being 
produced by the rubbing of one stone against the other. 
The traverse speed of the table is arranged according to 
the nature of the stone being worked, and an output of 
from 150 to 200 superficial feet per day can be looked for 
with a stone of moderate hardness. 

For facing and polishing stone and marble of awkward 
section, or when fixed in an awkward position, a flexible 
shaft (Stow patent) may be used with advantage ; this 
may be used for transmitting rotary motion to a rubbing 
disc or plate in any direction from the motive power. 
This shaft is made up of a series of coils of steel wire 
woimd hard upon each other, each alternate layer 
running in an opposite direction, and the number of 
wires in different layers varying according to the work for 
which the shaft is adapted. About one and a half inch 
at each end of the shaft is brazed soHd, and to these 
solid ends the fittmgs are attached, the one to receive the 
revolving tools, the other to receive the power from the 
pulley inclosing it, which in tm^n receives its power from 
a belt. The shaft is inclosed in a case, consisting of a 
single coil of wire, its internal diameter being a loose fit 
for the outside of the shaft, covered with leather or other 
flexible material. This method of construction insures 
great torsional strength, at the same time entire flexibility 
at right angles to the axis ; it is thus enabled to reach 
round comers and out-of-the-way places. 

For facing and shaping stone, slate, or marble, a 
circular plate, arranged with a rotary motion by means of 
bevel gear, is employed. This can be attached to the 
flexible shaft by means of a clutch. The emery, sand, 
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or other abradant is used solid, in the shape of a disc, 
and inserted in a turned recessed plate, which is held 
firmly on the work to be faced by the attendant. When 
a change of grinding discs is necessary, the plate contain- 
ing the disc is unscrewed from its spindle and another 
put in its place. The coarseness or fineness of the discs 
can thus be varied at will, according to the surface re- 
quired, or the nature of the material being operated on. 

Stone rubbing or facing is due to the action of an 
abradant or of mutual abrasion, usually with sand, 
between two sui'faces. Various other forms of rubbing 
or facing tables than those described are in use. In 
some of these a flat face on one stone is produced by the 
rubbing or friction of another. A good way to carry out 
this plan is to mount the grinding stone, and tlie carriage 
carrying the stone being ground, on different centres ; an 
excentric motion is thus obtained, and the carriage being 
moved along longitudinally, all parts of the stone are 
brought under the action of the grinder ; or two stones 
may be made to face or dress each other, by arranging the 
upper one in a frame with a rotary motion, and mounting 
the lower one on a table or carriage with a longitudinal 
movement. Where heavy friction is not required to 
produce a smooth surface, the little machine we illustrate, 
Fig. 32, will be found extremely useful. This is worked 
by hand, and consists, briefly, of a horizontal rubbing or 
scouring disc, worked by bevel gearing. The rubbing 
disc is connected to the vertical spindle by means of a 
universal joint. The machine is pushed over the surface 
of the stone by hand ; and for scouring and other 
purposes on a building contract, where large machines 
are not available, we can recommend it. 

Our illustration (Fig. 31) represents a stone-rubbing 
and facing table from the designs of Mr. E. P. Bastin. 
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Its general arrangemeDt requires little explanation ; the 
centre shafl carrying the table is well supported, and the 
footstep bearing is made adjustable for wear. A cast-iron 




trough, supported by cast-iron pillars, for catching the 
waste sand aiid water, surrounds the table. The general 
design of the uiacbine and arrangements for fixing appear 
compact and good. A set of pulley blocks for lifting the 
stone on and "off the table are arranged overhead. 
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CHAPTER X. 

STONE RECESSING AND QUARRYING MACHINERY. 

For recessing and moulding small figures and designs in 
stone, an overhanging vertical spindle machine, somewhat 
similar to that used for the recessing and internal shaping 
of wood, is employed. The vertical spindle carrying the 
cutting tool is driven by a belt and mounted in a frame 
arranged with several flexible or elbow joints, so that it 
may be rapidly moved to any point of the table which 
carries the stone to be worked, and which is placed 
beneath it. The stone with an open pattern placed over 
it is clamped on the table, which is arranged to rise and 
fall. The cutting tool, which usually consists of a number 
of diamond points, is mounted on the end of the vertical 
spindle, and is raised or depressed by means of ^ lever or 
handle, as may be required to suit the inequalities of 
the work, whilst a jet of wat^r is brought constantly to 
bear on the point where the cutting tool is in operation. 
This machine is also well adapted for drilling purposes. 
For moulding large circular slabs four arms, are usually 
employed ; these are of equal length, and are mounted on 
the overhanging vertical spindle at right angles to one 
another. At the end of these ai^ms the cutting or 
scraping tools are fixed ; these consist of pieces of wrought 
iron, bent and shaped to the curvature and outline of the 
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moulding required. By setting the scraping tools nearer 
or further from the centre, smaller or larger circular 
mouldings may be produced. The action of the cutters 
is really an abradant one, the track of the cutters being 
furnished with a constant supply of sand and water. 
Either the revolving arms or the vertical spindle must be 
counterbalanced, so that as the moulding becomes deeper 
they descend in like manner into the stone or marble. 

For cutting out circular holes, wrought-iron cylinders 
are employed ; these are fitted to the bottom of the ver- 
tical spindle, and vary in size according to the diameter 
of the holes required, and the fissure formed by the cutters 
is suppHed with sand and water in the usual way. Dia- 
mond points may also be employed for cutting holes with 
advantage in very hard stone or marble. 

For working small irregular or straight mouldings on 
chimneypieces, edges of shelves, washstands, brackets, 
marble console tables, and the like, a simple and cheap 
machine may be made by modifying a wall-drilling 
machine and mounting a chilled iron cutter block in 
place of the drill. It will be found advisable to mount 
the marble to be moulded on a table with a rotary motion, 
and fixed on a trolley arranged with horizontal and 
transverse movements. The table can be made to run 
horizontally in V-slides, the trolley itself tranversly on 
metals : both of these movements may be regulated by 
means of chains and counterweights. The marble to be 
worked must be firmly fixed on the table, and a template 
of the required moulding should be made in sheet iron. 
Care must be taken that the oil from the bearings is not 
allowed to drop on to the marble being worked. 

For moulding purposes, cutter blocks are made of 
chilled cast iron, steel, composite metal, brass, emery 
composition, and even of stone itself. 

H 2 
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Where revolving cutter barrels are employed, in lieu of 
the ordinary forms of cutters used, a series of thick circu- 
lar saws of small but varying diameters will be found 
extremely useful for roughing-out purposes, and can be 
so arranged on their barrel or spindle that mouldings of 
considerable depth and some degi*ee of complexity may be 
roughed out with a minimum amount of " plucking " on 
the stone. The mouldings thus produced must, how- 
ever, be finished by a fixed scraping cutter shaped to the 
desired outline, or by hand. 

For cutting gains or grooves in stone, separate groups 
or gangs of chisels are usually employed ; these chisels, 
which are pointed similar to Fig. 33, are worked by steam, 
and have a reciprocating movement. They are 
mounted in frames an^anged on either side the 
main frame of the machine, which moves hori- 
zontally on rails over the stone to be channelled. 
The chisels or cutters work outside the rails 
carrying the machine, and the frame carrying 
them should be arranged to swivel, so that the 
cutters may be set to work at any desired angle. 
The machine should be fitted with varying rates 
33 ^^ i'^^A, which should be regulated in speed ac- 
cording to the nature of the stone being worked. 
This form of machine is also employed in quarrying, 
and by making gains in the stone it can be more readily 
split ojBf in layers. 

Some years ago, Mr. George Hunter brought out a 
machine for cutting stone, &c., out of the living rock in 
the quarry itself ; and, although the subject is slightly 
beyond the scope of these pages, the machine, from its 
ingenuity, is deserving of a further notice. 

In this machine, the cutting tools, instead of being 
placed in a single row round the periphery of a disc, v/ere 
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fixed in rows of twos and threes alternately across the 
margin of the wheel-like disc, so as to clear away a wider 
space. The outer portion of this wheel-like disc was a 
ring of fine malleable cast iron, armed on the outside with 
tools, and carrying a cogwheel outline. Not to enter into 
small details of fittings, this cogwheel is made to revolve 
on a broad metal plate as its axle. This broad plate is of 
great strength, and forms four-fifths of the diameter of the 
entire cutter, and can be firmly bolted to the machinery 
frame by any part of its surface nearest to the cogged 
wheel which carries the tools, and the latter so held is 
made to revolve by a pinion around it. This arrange- 
ment allows eccentrically-held cutters to penetrate the 
rock to a depth exceeding the semidiameter of the disc. 
In the cu'cular saw, with a central axle, the blade can 
only penetrate to so much of its semidiameter as is clear 
of the axle and collar, and great force would be required 
to hold such a cutter up to its work in the rock ; but in 
the machine now before us, the cutter wheel is buried in 
the cut up to the point at which it is held, and, prac- 
tically, allows of a cutter of 3ft. 4in. diameter burying 
itself to the depth of 2ft. Sin. ; and as the cutter cuts out 
at a chord smaller than the diameter, the tendency of the 
out-coming tools is to draw the cutter into the cut, 
instead of forcing it out. A machine of this kind, cutting 
horizontally, works with great freedom, and advances 
rapidly through slate rock upon which it is employed. 
But when a cutting wheel on this principle is applied to 
make a vertical cut, a still smaller surface of the broad 
axle-plate is occupied by the holder, as it can in that 
position be grasped on both sides, and the axle carrying 
the pinion can be passed through the wheel and supported 
on double bearings. 

The machiner}^ including the cutter wheel, for vertical 
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cutting, is fixed on a caiTiage running upon rails, and 
worked by a wire rope. The cutter wheel is gradually 
brought down from its travelling position b}'^ a worm and 
worm wheel to press upon the rock till it buries itself up 
to the holder, when it is fed forward by a self-working 
screw, attached by chain and swivel to some point in 
advance, or by winding directly upon a chain. 

A tolerable level having been first obtained on the face 
of the quarry, and a line of rails pinned down in the direc- 
tion of the cut to be made across the greatest length, the 
machine commences its advance, leaving a deep groove 
behind it 2in. or 3in. wide, and 2ft., 3ft., or 4ft. deep. A 
series of i)arallel cuts may afterwards be made, or two disc 
cutters on the same carriage frame may be advantageously 
used to make two cuts at a time. An opening at the com- 
mencement of the first cut end must then be got out by 
blasting or otherwise ; but afterwards, if the rock has any 
sort of cleavage or layering, it maybe wedged up from below. 
The rock from the first two cuts being thus removed, -the 
vertical cutter may readilyT)e applied to cross-cut the longi- 
tudinal grooves into squared blocks to be removed by under- 
wedging, or partial undercutting, when there is not a favour- 
able cleavage. The principle of the undercutting machme 
is precisely the same as that of the vertical cutter. The 
cutter plate, however, has to be held horizontally by one 
side only. The cutter lies under the frame that cames it, 
and is advanced into its cut by worm and worm wheel, as 
already described. When buried up to its holder in the 
rock, the cutter traverses along a slide-frame 12ft. long. 
At the end of the 12ft. the slide and its carriage frame 
are pushed forward on the wheels for another length, and 
there fixed so as to leave the cutter free in its previous cut ; 
it again proceeds on its journey, fed forward by its self- 
acting screw, and so on to the end of the opening. 
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CHAPTER XL 

SCULPTURING MACHINERY. 

Many attempts have been made to construct carving 
and sculpturing machines ; these have met with a very 
small degree of success, and there still remains in this 
direction ample scope for inventive genius. 

The best-known machinery is that patented by Mr. 
Jordan, of London, in 1845, and a variety of machines 
based on this patent have since been constructed. It 
was designed for carving and copying irregular forms in 
wood or stone. The material to be shaped, and the 
model, or " dummy," were fixed on a horizontal table 
running on wheels transversely on another table or frame, 
which was arranged to move in a longitudinal direction, 
so that by the straight line movement in two directions 
the table could be made to have a motion in every part of 
its own plane. The model and material to be shaped 
were made to swivel on centres, and so arranged that by 
means of a lever each could be turned simultaneously on 
its axis. The cutters were carried on a vertical slide 
this vertical slide was raised or lowered to the work, 
which was fixed on the travelling table beneath by means 
of a treadle. A tracer guide acting on the model pro- 
duced, by the aid of the cutters, facsimiles in the piece or 
pieces of material. 
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Kennan, of Dublin, some years since, adapted a lathe 
to sculpturing purposes. The cutter, which was driven 
at a tolerably high rate of speed, and the guide, or tracing 
point, were mounted on a triangular steel bar, working 
on a universal pivot at one end, attached to the fixed 
head of the lathe, and suspended freely at the other end 
by a balance weight and cord over a pulley. The model 
and the block to be sculptured were fixed upon chucks 
mounted on two carriages, which were adjusted in position 
on the bed of the machine, according to the required 
proportional dimensions, when, of course, the relative 
distances of the model and the block from the pivot of 
the bar must correspond with the tracer and the cutter. 
The chucks were turned simultaneously on their centres 
by means of two worms on one rod, turned by means of 
a hand ^eel at the end of the machine, and gearing into 
worm wheels on the chuck spindles, so that every part of 
a round object accompanied by the block may be brought 
btefore the tracer and the cutter respectively. The driving 
band was kept at a imiform tension by being passed over 
straining pulleys on a weighted lever at one side- of the 
machine. 
. In another machine for copying sculpture, the model 
and the block are placed on two revolving tables, turned 
in unison by a worm shaft. With a dummy point, or 
tracer, at the model, as a guide, a small drill or cutter, 
turned by a cord passing over pulleys carried by a swing 
frame hung from above, operates upon the block. The 
p.oint and the cutter are raised by a vertical screw in the 
frame. A ball-and-socket frame is applied for turning 
and imdercutting, or to descend upon a horizontal surface. 
For cutting basso-relievos, a parallel traverse on two 
guides is employed with the screw. 

The great engineer Watt also constructed a sculpturing 
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machine, which is said to have copied husts with some 
success. This machine has recently been fully illustrated 
and described.* It appears Watt constructed two 
machines, one for reproducing busts or bas-reliefs of the 
same size as the original, and the other one for making a 
copy of a reduced size. The first machine Watt called 
an '* Eidograph," and it consisted, firstly, of an ordinary 
lathe, with treadle and fly-wheel, to supply the motive 
power ; and secondly, of two tall uprights about seven feet 
high, carrying at the top a slide on a strong horizontal 
bar, the slide being capable of motion horizontally, either 
at a slow or quick speed. Then, hinged to this slide is a 
light square frame of metal, and, at the outer edge of thisj 
another light square frame of metal is hinged, so that the 
lower edge of such frame is capable of motion up and 
down, or in and out, like an elbow joint, and horizontally 
when the top slide is moved. The weight of these frames 
is balanced by levers and balance weights and chains 
above, and the lower edge of the second frame is furnished 
with a " feeler " or " guide," to traverse over the original 
model, and a drill driven at a high speed by a light cord 
to cut the work or copy ; so that by handling the feeler 
carefully, and tracing over the original in all directions, a 
piece of marble or alabaster or wood, placed in the machine 
alongside of the original is cut to a perfect copy by the 
machine without fear of any mistake, and without any 
special skill on the part of the operator. 

The slow motion to the slide above, carrying the frames 
and feeler and drill, is worked by a convenient handle and 
tangent-screw when cutting, and the quick motion can be 
thrown into gear with the lathe wheel to run back. The 
quick motion has a coarse traversing screw, having a nut 

* Proceedings of Inst. Mech. Engineei-s, Nov., 1883. — Paper by E. A. 
Cowper. 
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in halves, that can be closed or opened ; and the slow 
motion has a fine-threaded screw with a similar nut, so 
that it also can be thrown into gear or released. There 
is a noticeable feature in the frames above mentioned, and 
that is, that in order to prevent their springing or going 
** winding," they are practicallj' formed into " solids *' by 
the erection of the outlines of a pyramid on each ; this 
plan gives extreme stiffness at the expense of very little 
weight. Specimens of the work done on this machine are 
in existence, and both the original and copy can be 
moimted in their places on the machine, and be turned 
precisely together by a pinion gearing into the two wheels 
on the mandrels of the carriages on which the articles are 
placed, so that undercutting could be properly accom- 
plished, as well as straight cutting into the work by the 
drills. The drills, circular cutters, and other cutting 
tools are excellent, some being formed for roughing-out 
apparently, and made to cut in steps, some in the forms 
of globes with the whole surface formed into numerous 
cutting edges, so that it was a cutting globe so to speak, 
and could go anywhere, as it could cut in any direction. 
Watt called his second machine for making reduced 
copies a " Diminishing Machine." The machine consists, 
firstly, of a lathe bed, with fly-wheel and treadle for ob- 
taining the motive power for driving the drill ; secondly, 
of a stout hollow, tube, forming a long lever, fulcrumed 
at one end on a universal joint, so that the other end can 
be moved in any direction about the centre. This lever 
caiTies a " feeler " or blunt point near its outer end, and 
a drill near the fulcrum, so that whatever motion the 
feeler has, the drill has (say) one eighth part as much. 
The lever is balanced. The slides above named slide on 
the bed of the lathe, and are moved by a pentagraph or 
arrangement of levers, to give one eighth as much motion 
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to the work to be cut, as to the original, so that every 
dimension shall be in proportion. A further motion is 
provided for turning round the original and the copj'', as 
is sometimes necessary when undercutting a bas-relief, 
and, of course, when copying the round figure. 

In the London International Exhibition of 1862, 
Messrs. Cox & Son, of London, exhibited a machine for 
carving in wood ; applicable also for carving in stone and 
marble. It was founded on Jordan's well-known patent ; 
and by means of revolving cutters and a tracer-guide, it 
copied from a model in duplicate and triplicate. In place 
of the tracer and cutter moving over the model and the 
work, as in some other machines of this class, they were 
stationary in a balanced frame, with freedom for vertical 
motion only. The vertical spindles are reported to have 
made from 5,000 to 7,000 revolutions per minute — this 
speed, however, was for working wood — whilst the model 
and the work were traversed under the tracer and cutter 
on a table capable of horizontal movement transversely 
and longitudinally. This machine was said to be capable 
of roughing-out four panels in four hours, which were 
finished by one man in a day, and which would take a 
man four days to carve by hand. 

We believe this or a duplicate machine was worked with 
success for some years in the Belvedere-road, Lambeth ; 
but we are unaware whether it is at present in use. 

Many other attempts have been made to utilise the 
Blanchard copying lathe, &c., for sculpturing purposes, 
but without any permanent commercial success. Although 
there may be considerable difference of opinion — ^in an art 
sense at any rate — as to the advisability of reducing 
sculpture, when possible, to a mechanical process, much 
can be said on the other side as to the gain occasioned, 
in the aii education of the masses, by the reproduction by 
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ti'ation. Fig. 34, represeiUs 
a liorizontal polishing ma- 
chine for marble, granite, 
stone, &c. It will be seen 
from tbe sketch that the bed 
on which the stone to be 
pohshed is placed, receives by 
means of a crank a hoiizontal 
motion at right angles to 
the travel of the polishing 
blocks : this arrangement 
effectually prevents lines 
being formed on the face 
of the stone. 

The chief grinding and 
polishing materials ai-e given 
by Knight as follows : — (1) 
Abrasive substances used in 
the solid form: — Grind- 
stone, hone, oilstone, char- - 
coal, emery composition, 
fish-skin ; (2) abrasive sub- 
stances used in powder, 
stated in about the order of 
their hardness : — Diamond, 
sapphire, ruby, conmdum, 
emery, sand, flint, glass, 
tripoli, Turkey- stone dust, 
rottenstone, slate, pumice, 
chalk, oxide of iron, colco- 
thar, crocus or rouge, oxide 
of tin or putty powder. 

The abi-asive powders are 
applied by circukr discs, or 
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sheets of iron, which cause them to act as saws. On the 
periphery of wheels, which act as grindstones, glazers, 
or buffs, according to the quality of the material and the 
terms of the trade ; on the plane surface of discs which 
form laps, on the ends of rods which act as drills, and on 
slips of wood which act as files. They are also spread 
upon cloth, paper, leather, &c. 

For the guidance of the uninitiated, we may say a 
grinding or polishing lap is a wheel or disc, or a piece of 
soft metal, used to hold cutting or polishing powder. 
They are made of brass, cast iron, copper, lead, and 
various alloys. Laps are usually made to revolve on a 
vertical or horizontal spindle; but their arrangement, 
of course, vaiies with the nature of the operation 
carried on. 

In polishing marble, &c., sharp fine sand, pumice, or 
snake stone is first employed, afterwards a finer, and 
sometimes a third ; after the finest sand is used, emery 
of different grades is employed. Tripoli powder is then 
us^d, and the polishing process is completed with putty 
powder (oxide of tin). The polishing plate for sand is 
made of iron, and its size, length of stroke, &c., is varied 
according to the area of the material being polished. A 
polishing plate made of an alloy of lead and tin is gener- 
ally employed with the emery, and for the finishing 
process old linen cloths and rags forced tightly into an 
iron frame. A small but constant supply of water is also 
necessar}\ 

The polishing process is, however, varied according to 
the nature of the work and the degree of finish required ; 
in working dark marbles up to a fine surface crocus is 
often used before the oxide of tin is applied. It is im- 
portant that the marble is carefully washed after each 
separate polishing material is used; as, should the 
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different particles become mixed, the work would in 
many cases become considerably damaged by scratches. 
It is important also that the sand employed should be 
of uniform quality and the particles of equal hardness ; 
as> should some be much harder than others, deep 
scratches will be the result. To secure this uniformity 
the sand should be levigated and washed, and the harder 
particles, being usually of a greater specific gravity than 

the rest, may be sepa- 
^^ rated with tolerable faci- 
lity. Washing the sand 
will, in practice, be 
found much preferable 
to sifting. 

For rubbing or polish- 
ing blocks of moderate 
dimensions, a modifica- 
tion of a wall drilling 
machine may be used 
with advantage. As will 
be seen from the sketch 
(Fig. 85), to the end of 
the vertical spindle is 
attached a flexible or 
universal jointed shaft, 
which is under the im- 
mediate control of the 
workman, who can regu- 
late the pressure and 
position of the polishing 
disc, which is fitted to 
the bottom end of the 
shaft. The sliding bracket which carries the vertical 
spindle can be raised or lowered at will, it being sus- 
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pended and counterbalanced by a chain and weights 
passing over pulleys attached to the ceiling. Motion is 
given to the spindle by a pair of bevel wheels. The table 
carrying the stone is, in the sketch, a fixture ; but where 
large quantities of heavy stones are polished^ a series of 
these machines should be mounted and a travelling 
carriage, carr^dng several blocks of stone at once, made 
to traverse on rails beneath the polishing discs. In this 
case the discs are mounted on the ends of the vertical 
spindles, and the flexible shafts are dispensed with. 
Motion can be given to the first disc spindle by a pair of 
bevel wheels in the usual way, and communicated to the 
other spindles by intermediate toothed gearing. 

For polishing small slabs, a variety of hand-rubbers 
are in use, one of which we illustrate (Fig. 36). The 




FIG. 36. 

polishing material is carried in the chamber formed in 
the rubber-block, and is allowed to escape, as requii^ed, 
through a hole in the front of the block, by touching the 
trigger shown in the sketch, which opens and closes a 
valve. The polishing pad usually consists of folds of 
linen, but in Italy a slab of lead is used instead of linen. 
Several patents for marble-polishing machines have been 
taken out, including one by Maloy. In this machine the 
marble slab is placed on a slide, and polished by means 
of an endless belt, which is kept tight by an adjustable 
** idler " pulley. Another plan for grinding and polishing 
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marble is to mount a long grinding cylinder on a spindle, 
and to give it a combined rotar}^ and reciprocating move- 
ment, the slab of marble to be acted on being placed on a 
table beneath. 

In grinding and poUshing Uthographic stones, a slow 
compomid angular and reciprocating motion is re- 
quired* 
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CHAPTER XIII. 

TURNING LATHES. 

Marble, granite, and many kinds of stone can be 
turned in a lathe with tolerable facility. Stones of a 
moderate degree of hardness can be turned by a piece of 
square cast steel drawn down to a point. We need 
hardly say, however, the steel employed should be of a 
high grade. For turning granite, rolling cutters are now 
generally employed. These are made of hard cast steel, 
and their dead contact being small, the friction or 
grinding action on, and consequent wear of, the cutters 
is largely reduced. After the object is roughed out, 
the tool marks are removed or ground out, usually with 
a series of sandstone, snake stone, pumice stone, and 
other materials, which are graduated in fineness, till all 
the marks and scratches are obliterated. For polishing 
purposes flour of emery, putty powder (white oxide of 
tin), and other substances are applied by means of a lap 
or a bundle of cloth. 

For cutting circular slabs, &c., revolving cylindrical 

cutters of wrought iron, constructed on a similar principle 

to the crown saw and mounted on a disc, can be used. 

This is usually fitted on an adjustable vertical spindle, 

somewhat similar to that used in a recessing machine for 

working wood. For cutting large circles the cutters can. 

I a 



ii6 STONE-WORKING MACHINERY. 

be mounted at the periphery of a large disc, or at the end 
of cross aims. 

For turning granite, marble, and very hard stone, 
Brunton and Trier's revolving cutters are the best that 
we are acquainted with, as, owing to the great reduction 
in friction accruing from their use, the number of revo- 
lutions of the stone can be largely increased; conse- 
quently, the amount of work turned out is much in excess 
of that produced by the ordinary steel tool acting with a 
dead pressure on the stone. We believe the first appli- 
cation of the principle of revohing cutters was to the 
turning of stone, and the cutter being once set in motion 
by contact with the stone continued rolling, and being 
placed at an angle of about 25° to the axis of the stone 
chipped the surface in a spiral line, as the slide rest and 
tool holder moved along the bed of the lathe.* It was 
found that the concurrent revolutions of the stone and 
the cutter reduced the attrition largely, and a considerable 
speed of surface rotation was therefore attainable. The 
stone, before being placed in the lathe, should be dressed 
to a rough octagon shape ; and where taper columns are 
produced, the lathe should be fitted with double expand- 
ing beds. These revolving cutters are made of steel for 
working granite and hard limestone ; but for gritstones, 
sandstones, and freestones chilled cast iron answers well. 
The steel cutters are made either in the form of flat discs 
or cones ; the cast-iron cutters always in the form of 
cones. The advantages of the conical form are that the 
edge is always on the hardened or chilled surface, and, in 
the case of cast iron, the rest of the thickness of this 
cutter is comparatively soft, and therefore more quickly 
ground. The diameter of the cutter also is much less 
reduced by wear than is the case with disc cutters. A 

* I. M. E., January, 1881. 
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simple and efl&cient plan of fixing these cutters on their 
chuck-spindle has been devised : a split nut is used, the 
conical part of which enters into a corresponding hole in 
the cutter. When screwed up, the nut grips tightly the 
thread of the spindle. 

The advantages claimed by the inventors for this 
system of rolling cutters for turning purposes are : — (1) 
That the friction between cutter and stone being ab- 
sent^ no water is necessary to keep the temper of the tool, 
thus preventing the effect water has in opening the soft 
veins of marble, &c. (2) Absence of dust. (3) Greatly 
diminished pressure on the column, even whilst taking 
much heavier cuts than is possible with the ordinary tool. 
(4) Complete absence of "plucks," a perfectly regular 
and, therefore, quickly polished surface- (5) Granite 
columns perfectly round and true, and without holes^ as 
is often the case in columns masoned by hand. We our- 
selves have seen these cutters turning Cornish granite, 
marble, &c., and they must, we think, be held to be 
a decided step in advance over the old system of stone 
turning. 

In turning stone it is impoiiant that it is truly and 
firmly held in the lathe J for tui'ning the smaller articles 
in marble, &c., a chuck, consisting essentially of an en- 
larged centring head, is often employed ; this receives 
and retains the article to be turned. The centring head 
is provided with a centring " spud," and an open-ended 
adjusting cap, the latter constructed so as to be longitu- 
dinally adjustable, and of such form as to securely hold 
the article against lateral displacement. The barrel of 
the head is screw-threaded on its outer surface, and the 
cap is constructed to hold the article at a point outside 
the centring head. 
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CHAPTER XIV. 

STONE-BREAKING MACHINERY. 

Although stonebreakers can hardly be considered to be 
stone-working machines, their products are largely used 
in roadmaking and similiar contractor's work, and it may 
not be out of place here to notice them briefly. 

M«>hinery for breaking stone possesses an immense 
advantage over hand labour, and the stones are more 
uniform in size. The stone is usually broken by means 
of jaws of chilled cast iron, to which a kind of rocking, 
knapping, or reciprocating motion is given. In the best 
types of machines, when road metal or stone is required 
broken to a certain size, what are known as cubing jaws 
are fitted ; or when a fine material is wanted, the cubing 
jaws are replaced by crushing jaws. In addition to 
breaking stone, this class of machines may be used with 
advantage in crushing or breaking hard rocks, ores, 
fossils, pyrites, flints, coprolites, limestone, emery, 
phosphates, fireclay, coal, and other materials. In some 
cases the machine may be employed with advantage in 
the quarry itself, the broken material being removed by 
means of an elevator. In the earlier forms of crushing 
machines the movable crushing jaw, when forced for- 
ward, was made to compress a spiral spring imbedded in 
indiarubber; this withdrew the crushing jaw after it 
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had completed its stroke. This plan, although actmg 
tolerably well, consumed a considerable amount of power. 
A simj^ler and better plan for performing the same 
operation has, however, latterly been introduced. This 
consists of an arrangement of levers which are adjusted 
as required. We have recently seen working a multiple- 
action stonebreaker, of somewhat novel construction. 
In this machine the crushing jaws are divided, either 
half being worked by a separate eccentric attached to a 
main eccentric shaft, each eccentric operating a separate 
connecting-rod and set of toggles ; they are also arranged 
to balance each other whilst in motion, thus reducing the 
Htrain on the machine and consequent power required to 
drive. One jaw only operates on the stone at the same 
time; but the double connecting-rods employed travel 
through twice the space of the single rods employed on 
most machines. The crushing jaws are withdrawn after 
each stroke by operating one on the other by means 
of coupling the rods of the jaws by a cross lever mounted 
on a stud at the end of the machine. The main framings 
of this machine are of lighter construction than is 
usually employed, the inventor claiming that, through 
the balancing of the moving parts, excess of metal is not 
required. Another plan recently introduced is to arrange 
a rocking lever vertically on a fixed centre at its lower 
end, the rocking motion necessary for crushing being 
obtained by an eccentric operating on the other end. 

A movable crushing jaw is arranged on either side of 
the lever, and connected with it by loose toggles, kept in 
position by an adjustable rod. When in yrork, the 
rocking motion of the lever imparts an alternate motion 
to the crushing jaws, and by adjusting the jaws two 
different sizes of stone can be broken at the same time. 

For crushing road metal, a very simple arrangement— 
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and one which does away with the revolving screen 
usually employed — is to combine a lever jaw and a chilled 
cast-iron roller with corrugations at right angles (Archer's 
patent). 

In the construction of stonebreakers, strength, with 
-simplicity of construction or renewal, are the points to be 
aimed at. The cubing or crushing jaws should be made 
adjustable and reversible. Chilled east iron is the best 
material to employ ; for use in remote districts, loose or 
adjustable jaw faces should also be fitted. The shaft 
giving motion to the crushing jaws should be of steel, as 
frequently a large amount of strain is put on them ; and 
if not of good material and of considerable strength, they 
may be either bent or broken — rather an awkward cir- 
cumstance should the nearest engineer's repairing shop 
be some hundreds of miles away. As the friction on 
the bearings is also great, especial attention should be 
given both to their construction and lubrication. 

Our illustration. Fig. 87, represents one of Blake's 
patent stonebreakers, by H. R. Marsden. As will be 
seen from the illustration, it is of massive construction, 
to overcome the great strain and vibration in working. 
It is fitted with reversible cubing jaws, made in sections 
and with faced backs. It is arranged with steel-bar 
toggle bearings and improved grooved expanding toggles. 
The sizes of the tubes of stone can be readily regulated, 
and the jaws set to break as small as the finest gravel if 
required. A modification of this machine is also con- 
structed for grinding cement, limestone, silica, shale, 
flints, &c., to a powder ; and by combining an elevating 
and sieving apparatus with it, a very considerable degree 
of fineness may be obtained. The illustration shows a 
side view or elevation (sectional). A is the main frame ; 
F is the fly-wheel shaft, which should make about 250 
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revolutloiiM per minute, and by means of the belt from 
the engine on to pulley O. The larger circle inclosing F 
shows the eccentric. H is the connecting-rod, which 




oonnectB the eccentric with the toggh^ plates, J and K, 
which have their bearings forming an elbow or toggle 
joint. These bearings, it will be soen, are all removable; 
and the same may be said of all the pillows and bearinga 
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throughout the machine. C is the cutter for taJdng up 
the wear of the pillow or bush in which the eccentric 
works in the connecting-rod head ; I is the cotter for. 
keeping securely in their places^ the bearings of the 
toggle plates. B is a false back, accurately planed on the 
surface and bedded to the frame. A, C, 1, 2, 3 and 4 are 
jaw-faces, which are fitted with patent metal strips on 
their backs, nnd thus find a firm and even bed for them- 
selves, preventing sudden strains which they necessarily 
have to encounter, causing them to break and give way ; 
E is the shaft of the spring-jaw, which is cottered to it 
and itself rests upon each side of the main frame A ; J is 
the key for keeping in position the spring-jaw faces C, & 
and 4; D is the spring-jaw itself; C, 5 is a cheek, of 
which there are two, one on each side of the mouth, and 
which keep the fixed jaw in position and prevent the 
stone from wearing into the sides of the main frame ; P 
is the fly-wheel ; L is the toggle block and wedge. The 
toggle block, as will be seen, takes the cushion or bearing^ 
of the toggle plate K, and itself is held in position at one 
height, always by means of lugs on each side of the frame ; 
whereas the wedge L moves up and down at the will of 
the user of the machine, thus reducing or increasing the 
opening of the jaw at the bottom, and so regulating the 
size of the product. The hook bar underneath the 
machine has an indiarubber. spring attached to it at the 
end, which is compressed by the forward movement of 
the jaw, and aids its return. Every revolution of the 
eccentric causes the lower end of the spring-jaw D to 
advance toward the fixed jaw about Jin. and return ; 
hence when a stone is dropped in between the jaws, it is 
broken by the next succeeding bite ; these fragments then 
fall lower down and are broken down, until they are 
small enough to fall out at the bottom. The distance 
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between the jaws at the bottom limits the size of the 
product, and these distances, as before named, can be 
regulated at pleasure by turning the screw nut which 
raises or lowers the wedge L. Greater variation may 
also be made by substituting the toggle J, another longer 
or shorter, extra toggles of different lengths being 
furnished for this purpose. 



124 STO NETWORKING MACHINERY. 



CHAPTER XV. 

SLATE-WORKING MACHINERY. 

Before we notice machines used for quarrying slate, 
it would be well to consider briefly the peculiar geologi- 
cal features of its formation. It is usually found in 
large beds divided by fissures or joints of other sub- 
stances ; but it differs from ordinary stones by being 
capable of being split into thin sheets or plates. The 
direction of these laminae in the slate always lies either 
vertically or obliquely to the plane of the bed, and never 
parallel with it. The object to be borne in mind, 
whether quarrying by hand or machine, is how to cut out 
or detach suitable blocks of slate with the least amount 
of waste and labom\ 

In quarries where there are many "faults" or "dykes," 
of greenstone, i&c, and where the cleavage is interrupted, 
machine quarrying is not very applicable, as the results 
obtained are not in proportion to the outlay for machinery, 
&c. ; but in large quarries of tolerably uniform strata, 
there is little doubt a well-constructed machine devoid of 
complexity can be worked with very economical results. 
There are several varieties of slate found, including 
talcous, mica, flinty, and clay. The last is the one chiefly 
used; it varies considerably, however, in quality in 
different districts, but is generally found suitable for 
machine conversion in some form or other, except where 
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it is soft or rotten in texture, or where it contains much 
felspar or hard rock. 

Of late years slate has, in addition to roofing purposes, 
been largely employed in the manufacture of mantel- 
pieces, billiard tables, cisterns, &c. ; and slate, where the 
cleavage is bad, may in many cases be used with advan- 
tage for these purposes. After the slate is quarried, if 
suitable for roofing or writing slates, it is split and sorted 
according to its quality or size. If the block is better 
suited to other purposes, it is converted into suitable 
slabs by horizontal reciprocating or circular saws ; it is 
afterwards faced on a rubbing-bed, and moulded if 
required. When the slates are used for roofing purposes, 
they are first of all split to the desired thickness by 
means of a wedge and mallet, or in some cases by a 
machine. This is usually done as soon as the slate 
leaves the quany, as it becomes difficult, and in some 
cases impossible, to split the slate into leaves should the 
quaiT3'-damp or water be dried out of it through exposure 
to the sun and air. A plan often practised to see if a 
slate is of fine quality is to heat it very hot in a fire and 
plunge it into cold water : if it will stand the test without 
fracture, its quality may generally be relied on. For 
squaring the edges of roofing or other slates, machines 
are employed, worked either by hand or power. With 
the hand-power machine the slate is laid on a table and 
trimmed by means of hinged knives worked by levers. 
These knives are sometimes made curved ; but, in any 
case, whether worked by hand or steam, they should be 
arranged so as to give a kind of shearing cut to the 
slate, which renders it less liable to break than if the 
whole width of the blade acted on the slate at the same 
time. In machines worked by power, to prevent the 
breakage of the slates, they are usually held between 
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spring cushions, which receive the jar or vibratioii 
caused by the knife or knives striking the slate ; the 
knives in this case are arranged to act after the fashion 
of a guillotine. A machine used considerably for dressing 
slates in the Welsh quames is Francis' patent, known as 
the " sword arm,'' made by De Winton & Co., Carnarvon. 
This consists briefly of an imitation by mechanical means 
of the elastic shearing cut of the ordinary dressing tool. 
This is accomplished by mounting one end of the "sword 
arm " upon a rocking 'shaft moving in suitable bearings. 
Elasticity in the cut is obtained by suspending the arm 
by a spiral spring at about one-third of its length from 
the rocking shaft. Motion is given to the arm either by 
a foot-treadle movement or other motive power. This 
machine is of the simplest construction, and is rapid and 
clean in its cutting. At a trial of its capabilities some 
time since, a machine worked by a ti'eadle finished 207 
slates, of various sizes, of a total superficial area of 358ft., 
in twenty-five minutes, a somewhat remarkable feat. 

Another machine for dressing slates, but driven by 
steam or other power, is Gream's Patent. It consists 
briefly of a cast-iron frame carrying a spindle, on one end 
of which is fitted a fly-wheel and driving pulleys. On 
the spindle between the sides of the frame are keyed two 
cast-iron rings or hoops, to which are bolted opposite to 
each other two curved knives made of steel. These 
knives are made to revolve, and when in motion pass 
close to a steel cutting edge fixed on the top of the 
framing on which the slate to be dressed is held, and the 
knife coming round shears it through with a scissors-like 
cut. An adjustable fence is fitted for instantaneously 
gauging the sizes ; at the same time it serves as a stop to 
hold one cut side against when dressing the next side, thus 
insuring the slates to be perfectly square. The driving 



SLATE'WORKING MACHINERY. t2y 

pulleys make about 30 revolutions per minute. It is 
important that the fly-wheel, &c,, in this machine is 
accurately balanced, so that the strokes of the knives are 
•even and without jump. Should the wheel be out of 
balance, and any centrifugal force set up, the slates being 
dressed are much more liable to fracture. 

Amongst other machines designed for cutting and 
trimming the edges of slates, may be mentioned one 
introduced at the Maen Offeren slate quarries, Festiniog, 
some years since. This consisted of a fly-wheel working 
on a horizontal axis, with a number of knives for 
trimming the slates fixed at equal distances on the sides 
of the wheel; or, if two slate cutters worked at the same 
wheel, knives were arranged on. the other side of the 
wheel in alternate order. The knives were fixed at such 
distances from the spokes of the wheel as to admit the 
slate being presented to the knife without the projecting 
end coming into contact with the spokes of the wheel. 
The knives were arranged radially from the axis of 
motion, so that the inner end of the knife struck the 
slate first. The slate to be cut was rested obliquely on 
a cutting edge fixed on the framework of the machine, 
and received the revolving knives progressively from its 
inner to its outer extremity, it thus giving a shearing 
cut. 

For edging and trimming slabs of slate, circular sawing 
machines of the class already described for sawing stone 
are employed, the operations of rubbing, polishing, and 
horizontal or straight sawing are also practically the 
same. For rounding the edges of slabs, an old machine 
known as the " ridge roll" is still largely employed. 

Amongst the most advanced machines for sawing slate 
is De Winton's Patent Hydraulic Feed Circular Saw. 
In this machine the spindle carrying the circular saw i^ 
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driven by pulley and belt in the usual manner. The 
patent consists in the arrangement for giving indepen- 
dent travel or motion by hydraulic pressure to the tabled 
which carries the slabs or blocks to be sawn. The table 
is connected on its underside by a bracket and nut to the 
piston-rod head of an hydraulic cylinder, which is bolted 
underneath the table to the framing. A supply pipe 
leads to both ends of this cylinder from a valve box, 
which is connectej[l with a main pipe having a pressure of 
about 601b. per square inch. 

On shifting a slide valve in the valve-box by means of 
a lever, the water pressure is admitted to the front or 
back end of the cylinder as the case may be, and the 
piston is then driven along carrying the table with it. 
Whichever end of the cylinder is under pressure the pipe 
from the opposite end serves as an exhaust to carry away 
the w^ater which filled that end of the cylinder at the 
previous stroke, and it is by regulating the area of the 
exhaust outlet on the valve-box by a screw valve that the 
speed of the travelling table is controlled, and can be 
varied and regulated as required. A fast or slow move- 
ment can thus be given to the table, according. to the 
thickness or hardness of the slate being cut, and quick 
return motion of the table, preparatory to making a fresh 
cut, may readily be obtained. The makers claim that a 
very small quantity only of w^ater is required to work this 
feed, a Sin. main pipe being sufficient to work twelve 
pairs of saws. This form of feed -motion possesses the 
advantage of being very steady and even in its move- 
ments, thus preventing the saw from being forced, or the 
slate jagged and marked, which is occasionally the case 
with chain or rack feed. 

So great is the demand for school slates, which are 
made from a slate of a fine and soft quality, that a variety 
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of very ingenious machines have been invented, with the 
object of lessening the cost of their manufacture. One 
of these is a modification of a planing machine for wood, 
adapted for planing and dressing the slate frames. The 
frames are fed forward through the machine and brought 
under the action of horizontal and vertical cutters, which 
plane the sides and edges and. round off the corners. 
One machine for grinding and polishing school slates, 
used considerably in America, possesses some novel 
features of arrangement, which may be described as 
follows : — The slates are supported on carriages mounted 
on wheels or rollers. These caiTiages are connected by 
arms with a vertical shaft, by which they are caused to 
move slowly round in a circular track, arranged with a 
series of inclines. The distance apart of the correspond- 
ing parts of each similar incline is exactly equal to that 
between the front and hind wheels of the carriage, which 
is thus caused to remain perfectly level, as it rises to 
present the surface of the slate to the grindstones, which 
are arranged above them, and falls during its forward 
movement. The manufactm'e of slate pencils possesses 
also some features of interest. Knight briefly describes 
one process as follows : — The slate is first split into slabs 
lin. to 2in. thick, which are then sawn into blocks Gin. 
to 7in. long, and 4in. or 5in. wide. With a thin blade of 
steel and a hammer these are split into plates about one- 
third of an inch thick, which are next passed between two 
flat-edged knives to plane them. The plate is then fed 
to a machine, in which it is passed successively beneath 
a series of grooved cutters, each of which cuts a row of 
deeper incisions into the slab, imtil, on emerging from 
the machine, its upper side is covered with convex 
flutings, the channels between which penetrate half 
through the stone. It is then transferred to a second 

K 
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machine, where its other side is subjected to the action 
of a series of similar cutters, by which the pencils are 
completely rounded and separated from each other. They 
are next sawed to uniform lengths, the sizes varying from 
SJin. to 6in., and, finally, pointed on a grindstone. In 
some cases they are afterwards painted. 

The dust and waste, which is said to amoim|i to 90 per 
cent, of the original material, is utilised by grinding to 
an impalpable powder, which is used for mixing with 
paper-pulp to give it body and enable it to receive a 
satin surface. As the stone contains over 30 per cent, 
of alumina, the refuse is also available for the manufac- 
ture of alum. 

Slate pencils are also made from quarry waste; the 
process of manufacture may be thus described : — ^Broken 
slate from the quarries is put into a mortar driven by 
steam, and pounded into small particles. Thence it goes 
into the hopper of a mill, which runs it into a bolting 
machine, such as is used in flour mills, where it is 
bolted, the fine, almost impalpable flour that results 
being taken into a mixing tub, where a small quantity 
of steatite flour, manufactured in a similar manner, is 
added, and the whole is then made into a stiflf dough. 
This dough is thoroughly kneaded by passing it several 
times between iron rollers. Thence it is carried to a 
table where it is made into charges — ^that is, short 
cylinders, four or five inches thick, and containing from 
eight to ten pounds each. Four of these are placed in a 
strong iron chamber, or retort with a changeable nozzle, 
so as to regulate the size of the pencil, and subjected to 
severe hydraulic pressure, under which the combination 
is pushed through the nozzle, in a long cord, like a 
slender snake sliding out of a hole, and passes over a 
sloping table, slit at right angles with the cords to give 
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passage, with a knife which cuts them into lengths. 
They are then laid on boards to dry, and after a few 
hours are removed to sheets of corrugated zinc, the 
corrugations serving to prevent the pencils from warping 
during the process of baking, to which they are next 
subjected in a kiln, into which superheated steam is. 
introduced in pipes, the temperature being regulated 
according to the requirements of the articles exposed 
to its influence. From the kiln the articles go to thfe 
finishing and packing room, where the ends are thrust 
for a second under rapidly-revolving emery wheels, and 
withdrawn neatly and smoothly pointed ready for use. 
They are then packed in pasteboard boxes, each con- 
taining 100 pencils, and these boxes in turn are packed 
for shipment in wooden boxes containing 100 each, or 
10,000 pencils in a shipping box.^ 

In planing slate, a modification of the ordinary planing 
machine for iron is usually employed. In lieu of the 
ordinary tool for cutting iron a wide sheet-steel cutter is 
used ; this is mounted in an adjustable slide and used in 
the ordinary way, the slate to be planed being traversed 
to and fro beneath it. 

For holing slates, a machine, arranged with one or 
more punches, is used. These are usually brought down 
to the slates by a lever acting directly on to a quick- 
threaded screw, or by a lever acting on a horizontal 
spindle, mounted in a slide, and carrying two pairs of 
bevel wheels and pinions acting on screws, which give a 
combined rotary and downward motion to the punches or 
drills. 

Many attempts, more or less successful, have been 

made to cut out slate, stone, or marble from its natural 

position in the quarry or mountain. One of the latest is 

that of Mr. George Hunter, who has recently (1882) 

K 2 



132 STONE-WORKING MACHINERY, 

patented improvements in machinery for tunnelling and 
quarrying slate, and the methods of employing it, so as 
to quarry slate cheaply and rapidly, and obtain it in 
pieces of form and size suitable for being worked into 
commercial slates or slabs. 

In constructing the tunnelling machine, the inventor 
employs as framing two three-armed end frames, 
connected together by a central tube. The arms of the 
frames are provided at their ends with setting screws, 
which can be screwed against the interior surface of the 
part of the tunnel already bored, so as to secure the 
machine firmly in position. Two of the arms of each 
end frame, which extend obliquely downwards, have 
mounted on them wheels or rollers, on which the 
machine can be run along the floor of the tunnel, when 
the setting screws are released. Through the central 
tube passes a strong shaft, which carries at its end a two- 
armed boring head, each arm having at its outer end a 
circularly-curved plate, at the front edge of which are 
fixed the cutters. The shaft is caused to revolve slowly 
by a worm working a worm wheel on the shaft, the worm 
being itself on a cross shaft mounted in bearings in the 
upper part of the frame. This cross shaft, or a shaft 
geared to it or connected to it by a strap, may be driven 
by bands from a distant motor, or by a compressed-air 
engine mounted on the framing of the machine. By the 
arrangement of three -armed framing having the lower 
arms spreading out, and having all the gearing above the 
central shaft, the inventor claims that great convenience 
is secured for the removal of the core of the boring after 
it is detached from the rock. For feeding the boring 
head onwards, the inventor applies at the rear end of the 
central shaft a screw, driven at a differential speed or 
kept at rest while the shaft revolves ; gearing is arranged 



SLATE-WORKING MACHINERY, 133 

to reverse this screw so as to withdraw the boring head 
rapidly when it has cut its full length. 

The undercutting machine is arranged so that it can 
cut either above or below, or both above and below, the 
mass of rock to be removed. For this purpose a vertical 
shaft is mounted in a framing, and caused to revolve by 
worm gearing, which may be worked in a similar manner 
to the tunnelling machine already described. 

This vertical shaft has at either of its ends, or at both 
ends, a revolving saw armed with cutters at its edge, 
either saw being removable and capable of being slid 
along the shaft, so that the distance between the saws 
when both are used can be varied as required. 

The frame is fitted to slide along two horizontal bars 
secured to girders, which are fixed in the working, and a 
feed-screw is provided to cause it to slide slowly along 
the bai's, according as the cut affected by the saw 
advances. The frame is arranged so that the bars can 
be inclined, and the inventor thus inclines them for 
beginning the cut, the saw entering the rock obliquely 
from a part already opened until it has descended in an 
inclined line to the required depth, whereupon the bars 
can be set level, and the cut continued in a horizontal 
direction. When the saw-shaft and gear have travelled 
along the bars to their end, the screws that fix the 
framing are released, and while the saws remain sta- 
tionary in the rock, the framing is advanced its own 
lefigth, and when it is fixed again the cut is continued. 
By arranging the lines of the cut so as to cross the 
cleavage of the slate, blocks can readily be separated by 
the chisel from the body of the rock ; and when two saws 
are employed together, or when one saw is employed 
under a floor already laid bare, it is advantageous to 
make the space between the saws or the depth of cut 
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under the floor correspond with a dimension of commer- 
cial slates or slabs, so that the blocks separated can be 
cleft without material waste. 

In cases where a floor is already cleared, the saw 
spindle may be driven by a wheel of considerable size, as 
it may partly extend over the cleared floor while the saw 
is cutting at the desu'ed depth below the floor. The 
tunnelling machine can be used to drive a boring into 
the body of the slate, and then, after clearing a space, it 
can be turned into an attitude to drive other borings at 
angles to this, so as to suit the character of the stratifica- 
tion, and the saws can then be employed to cut into the 
exposed faces, leaving pillars, where necessary, to 
support the roof. Sometimes, in order to separate a 
mass along which saw cuts have been run, the inventor 
employs the following method : — A bar, made in halves, 
has each half hollowed, so that when the two halves are 
put together they make an internal cavity, or hollo w* ; 
this hollow is charged with explosive, and the bar 
inserted along the bottom of the saw-cut, so that when 
the explosive is fired the mass receives fi'om the explosion 
a blow which separates it from the body of the rock. 
The general arrangement of Mr. Hunter's machine is 
ingenious and practical, and as slate quarries become 
exhausted and the necessity for the more economical 
working of those remaining are essential, this and 
kindred machines should, and probably will, be more 
largely introduced, as there can be but little doubt that 
the greater proportion of the quaiTies are at present 
worked in an extremely wasteful manner. At the same 
time, by means of a well-arranged quarrying machine the 
slate or stone can be got in a much cleaner and more 
marketable form, thus increasing its value in the rough, 
and it subsequently requires less dressing. 
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CHAPTER XVL 

MISCELLANEOUS MACHINERY FOR WORKING STONE. 

A CONSIDERABLE Variety of special or miscellaneous 
machines for working stone have been constructed to 
suit the special requirements of a business or process. 
Amongst sawing machines may be mentioned an endless 
band rope arrangement. The rope is of steel, and passes 
over pulleys ; it has a vertical motion, and combined with 
it a twisting one, which allows the strands of steel wire 
to cut their way into soft; stone, it is said with consi- 
derable speed. 

Amongst other machines, Mr. Himter, senr., invented 
a chairing and boring machine for railway blocks ; this 
was employed for facing the seat for the chair and boring 
the trenail holes. 

Amongst quarrying machines may be mentioned one of 
American origin, especially adapted for cutting marble. 
In this machine a chain saw, armed with diamonds, is 
used. The diamonds are held in split screw bolts or 
clamps, which are tapered and forced into tapering 
cavities, causing them to contract upon the diamonds. 
The diamonds are applied on the edge of a rotating disc 
or the links of an endless chain, and the supporting 
standard of the disc or chain is so connected to the driv- 
ing mechanism that it may be fed in either direction. A 
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small steam engine is mounted on a travelling carriage, 
and, fitted with suitable intermediate gear, gives motion 
to the chain ; and arrangements are made to feed the saw 
to its work and vary the direction of the cut as may be 
required. 

A variety of machines for dressing mill-stones are in 
use ; in one of these diamond points, mounted on discs, 
are used. The discs are made to revolve rapidly, and, the 
diamonds being brought into contact with the face of the 
stone, parallel grooves are cut in a similar manner to 
hand tooling. A guide bar is fitted so that the stone may 
be dressed right or left handed as may be desired. In 
another machine, the radial grooves in the stone are cut 
by means of a tool raised and dropped by a cam and 
advanced automatically along a radial arm attached 
to a central axis. In a hand machine, we believe of 
American origin, a number of pick plates of tempered 
steel are held in a hollow sliding block arranged with a 
vertical motion. A cap fits over the top of the pick plates, 
and is bolted to the hollow block ; this cap is struck by 
the workman with a mallet, and the picks are forced into 
the stone. The bed of the apparatus is placed on the 
face of a mill-stone, and the hollow block is arranged to 
slide transversely in guides as well as vertically. 

For quarrying purposes rock drills are employed 
largely; these are worked by steam or compressed air, 
and effect an immense saving, especially with very hard 
stone or granite. 

For drilling a series of holes in a straight line by hand 
or power, the drills are usually raised and dropped by a 
series of cams, mounted spirally on a horizontal shaft. 
For cutting out holes in quarried stones, hollow cylinders 
of sheet iron are often employed ; these are fitted to a cast- 
iron disc or tool-holder, which is screwed to the bottom 
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FIG. 38. 



of a drill spindle; this can be raised and lowered or 
advanced and retired at will, and according to the nature 
of the stone being worked. Notches are made in the 
lower edge of the cutter to admit 
the sand and water necessary for 
cutting (see Fig. 38). 

For trueing the face and fur- 
rows of mill-stones, &c., and 
cutting down irregularities of 
surface, rubbing stones are em- 
ployed. These are made of a 
composition in which carbonate, 
bort or diamond dust are used ; 

the composition is usually moulded in the shape of a 
brick, which is fitted into a frame and rubbed over the 
surface of the stone to be cut by hand. 

Amongst miscellaneous stone-working machines we 
must not forget to mention a very useful little apparatus 
for dressing up ^grindstones (Brunton's patent). This 
consists briefly of a slide-rest, which is bolted to the 
grindstone trough in such a position that the centre line 
of the tool spindle is in line with the centre of the grind- 
stone spindle. The cutting is performed by means of a 
revolving disc of chilled cast iron or steel, as already de- 
scribed. In this case the cutting tool is set in motion by 
the revolution of the grindstone itself, against which it 
bears. 
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CHAPTER XVII. 

CUTTING TOOLS. 

Much has been wi-itten with reference to the forging 
and tempering of tools for cutting iron, wood, and other 
materials ; but, so far as we are aware, nothing as regards 
tools for working stone. We need hardly say that, in the 
first instance, the steel employed should be of the highest 
possible quality, combining in its nature, as far as pos- 
sible, toughness with hardness. Where sheet steel is 
used for scraping cutters, as in moulding machines, we 
prefer to use wrought -iron cutters, faced with steel, in- 
stead of solid steel, as they are easier to make and less 
liable to fracture, either when being hardened or when in 
work. 

If chilled cast iron is used it should be of good quality, 
and not too short in the grain. In forging or hardening 
tools, it is important that they should be heated as evenly 
as possible. If one part of the tool is made thinner than 
the other, care must be taken that the thin part does 
not heat more rapidly than the rest, or it may become 
** burnt,'* or break off at the nose or cutting edge whilst 
in work. In heating the tools for tempering, they should 
be repeatedly turned over in the fire, and withdrawn fi'om 
it now and then. In the case of moulding cutters, if the 
cutting edge is heating too rapidly, it should be pushed 
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through the fire into cooler coals. The cutting or scrap- 
ing edge should be well supported at the back by iron, 
which should not be ground to an acute angle, as is the 
custom with moulding and planing irons for working 
wood. If a number of tools or cutters are employed on 
the same machine, great care must be exercised in tem- 
pering as nearly alike as possible. This is a matter of 
great difficulty, and, as we have elsewhere pointed out, is 
the chief drawback to the use of this class of machines. 
Owing to the varied nature of the material operated on, 
no arbitrary rules as to tempering the tools of stone- 
working machines can be laid down. This can 
only be determined after trying both the stone and the 
steel, and must, therefore, be left to the experience of the 
workman. Speaking generally, for scraping and thin 
steel cutters, a light straw colour is usually suitable for 
stones of a moderate degree of hardness. Where the 
tools are stouter and the cutting edge more obtuse, the 
temper should be slightly harder in proportion. 

It is important, in tempering any kind of tools or 
cutters, that there is a gradual shading of colour in the 
temper. If there is a distinct line between two colours 
towards the edge of the cutter, it will probably chip or 
break at this line. The point to aim at is to have the 
edge of the cutter tolerably hard, and this hardness to be 
gradually reduced the farther you go from the cutting 
§dge, and the softer metal at the back will be found to 
strengthen and support it. In working stone, tools of 
extreme hardness are not always necessary or advisable, 
as with some kinds of stone the cutting edges will readily 
break or crumble away. 

In machines where solid bars of steel are used, a tem- 
per colour of a deep blue, slightly tinged with violet, will 
with most stones be found suitable ; the natm'e of the 



I40 STONE-WORKING MACHINERY. 

steel used must, however, be borne in mind, as some 
steels require gi'eater or less hardening than others. 
The degrees of temperature necessary to effect the 
practical colom* on hardened steel for the various pur- 
poses to which edge tools are applied are given by 
Templeton as follows : Chipping chisels, planing irons, 
hatchets, &c., and other percussive tools, 500° to 520*", 
light stiaw colour, a brown yellow or yellow slightly 
tinged with puqjle ; do. 530°, light purple ; springs 550°, 
dark purple, do. 570°, dark blue. As the colours appear 
and change colom* slowly, ample time is afforded to see 
when the exact shade of colour has arrived, when the tool 
should be at once dipped and withdrawn several times — 
should boiled water be used for hardening — as this has a 
greater tendency to toughen the steel, than if it is plunged 
into the water and allowed to remain there till quite cold. 
We can strongly recommend the following method for 
hardening cast-steel tools : Take fom* parts of powdered 
yellow resin and two parts of train oil and carefully mix 
them, and add one part of heated tallow. The object to 
be hardened is dipped into this mixture red hot, and is 
allowed to remain in it until it is quite cold. Without 
having previously cleaned it, the steel is again put into 
the fire and is then cooled in boiled water in the ordinary 
way. After a little experience the eye of the workman 
will readily detect the exact shade of colour best suited to 
the steel and the stone he is working, and should he try 
the above process he will find the edges of tools thus 
hardened wear excellently. With some grades of steel 
salt water has been found to make an excellent hardening 
mixture. 

It must be admitted there is a considerable amount of 
art in tempering steel tools properly, as owing to the 
varying amount of carbon contained in different samples 
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of steel, the amount of tempering required varies accord- 
ingly, and the exact temper necessary can only be ascer- 
tained by one or more trials. It should be borne in 
mind that steel known as high-tempered steel is that 
containing a large amount of carbon, and low-tempered 
that containing little ; but as there are numerous grada- 
tions between high and low tempered, so will the points 
at which tempering should cease vary accordingly; the 
folly, therefore, of treating all kinds of steel alike, which 
is sometimes done by the workman, will be at once 
apparent. 

It may be taken as a rule that if it is necessary to heat 
steel so hot that when it is annealed it appears coarser 
in the gi'ain than the bar from which it was cut, it may 
safely be concluded that the steel is of too low a temper 
for the required work, and a steel of a higher temper 
should be selected. A steel tool, when properly tempered 
and suited to the work in hand, should always be of a 
finer grain than the bar from which it was cut. We need 
hardly say that the action of tempering should be gradual, 
as the steel becomes toughened and less liable to fracture 
by slow heating and gradual softening, than if the process 
is performed abruptly. The steel being, of coui?se, in 
the first instance, hardened, or made of a considerably 
higher temper than is necessary for the work it has to do, 
when the proper heat has been reached, the tool should 
be removed from the fire, and not allowed to " soak *' 
with the blast off, as is sometimes done. 

If the steel should crack with a moderate degree of 
heat, it probably contains too much carbon, or is of too 
high a temper for the purpose required. Trj'^, therefore, 
a lower steel-r-i.^., one containing less carbon, which will 
probably be found to be what is required. In ordering 
steel from the maker, always say exactly for what purpose 
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it is required, as he will then be able to send a steel 
which he considers best suited to the requirements of 
each individual case. In many cases steel has been 
rejected as bad, when it has been of first-rate quality, but 
its temper, or the amount of carbon it contained, rendered 
it imsuitable to the work in hand. It may be taken as 
a general rule that steel of a high temper should be 
annealed at a low heat, in some cases even dark red will 
be suitable. We need hardly say nothing is so dear as 
" cheap " steel for tools, as, after putting a considerable 
amount of labour into it, it is soon thrown away by the 
steel rapidly wearing away, especially if it is operating on 
diflScult materials like some kinds of stone. For welding 
tiast steel, the following composition is effective : BoU. 
together borax 16 parts, sal-ammoniac 1 part, over a slow 
fire ; when cold, grind into a pov/der ; and use the same 
as sand. Bear in mind in forging, welding, or tempering 
steel tools, that an excess of heat over what is absolutely 
necessary is detrimental, as it opens and makes the grain 
of the steel coarse ; also that the steel should be heated 
as regularly as possible, as irregular heating causes frac- 
tures, and irregular grain and strength. If a tough 
temper is required, the cooling or letting down should be 
as slow as possible. 

In tempering tools, where many are employed, a frame 
with holes in it to equalise the distance tempered may be 
used. This is fitted in the hardening tank, and allows 
the tools to drop any desired distance into the water or 
tempering mixture. 

As regards the shape of the tools for dressing stone, 
we have already spoken ; but if a machine similar to an 
ordinary planing machine for iron be employed, in which 
the tool-box is stationary, and a point tool used, it will 
be found well— at any rate with stone of a moderate 
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degree of hardness, and where tolerable finish is required 
— to make the cutting point of the tool as nearly on the 
moving plane of the work as possible. . The best cutting 
angle for all kinds of stone will generally be found between 
45° and OO"". The heel of the tool should only be raised 
slightly above the front or cutting edge. As much metal 
as possible should be left to support the cutting point, 
allowing only sujEBicient clearance to give a proper angle 
to the cutting edge ; it will be found necessary to varj^ 
this angle somewhat, according to the nature of the stone 
being worked. If the tool, when in work, is found to 
spring much, or dig into the work, it will require, in the 
first place, strengthening, and the cutting angle will 
require modification ; at the same time, if too great a cut 
is taken, the tool will have a tendency to dig into the 
stone. It will — as with some tools for cutting iron — 
with difficult stones, be in some cases advisable to make 
the tool so that the cutting edge is behind the fulcrum olr 
point of support, and should any very hard spots be found 
in the stone, such as crystalline or fossil deposits, it will, 
as a rule, yield to them instead of breaking. With stones 
easy to work, double-nosed tools may be used, the tool 
box and speed of the travelling table carrying the stone 
being so arranged that a cut may be taken during both 
the back and forward traverse of the table. The width 
of the cutting tool may be varied according to the nature 
of the stone. The easier the stone, the wider the tool ; 
but for a roughing cut, where much stone has to be 
removed, it should not exceed about fin. 

In those stone-dressing machines in which the cutters 
are reversed so that each edge of the tool is brought into 
contact with the stone, comparatively little sharpening is 
required, as the rubbing action of the stone itself is found 
to keep the edge of the tool in tolerable condition. In 
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machiues in which the tools are fixtures, or are non- 
reversible, the condition of their cutting edges should be 
carefully attended to. In stone-converting works of large 
size it will be found well to appoint an intelligent man to 
sharpen and look after the whole of the tools, and if he 
can forge and temper them as well, so much the better, 
as he will by experience be able to secure what is a matter 
of great importance — i.e., a tolerably uniform temper, 
and one suited to the stone being worked. For grinding, 
an ordinary Newcastle grindstone with Water-of- Ayr stone 
attached, will be found suitable. It will be better to 
sharpen moulding irons by grinding than by filing, as the 
process of softening the steel and re-hardening is at the 
best uncertain, and the quality of the steel is certainly 
not improved.* For grinding moulding irons some half- 
dozen Bilston grindstones about 14in. diam., and of 
thicknesses varying from lin. to 2Jin., are generally 
employed. These are mounted on a spindle fitted in a 
cast-iron trough supplied with water. The stones are 
turned up to suit the shapes of the moulding irons most 
commonly in use. 

For grinding down and shaping moulding irons the 
emery wheel willbe found much more rapid and economi- 
cal than either files or giindstone ; prejudice, and the 
introduction of emery discs of an inferior quality have, 
however, in a measure retarded their general use. If an 
emery disc of a good quality is used, and a fair trial given 
to it, it will, we feel sure, be found a most labour-saving 
and valuable implement. Emery wheels should not be 
used for putting a finishing edge on irons, but for reducing 
the back of the cutting edge and the iron generally to the 
desired profile. If much steel has to be ground away it 

* See "Saw Mills: Their Arrangement and Management," by M- 
Powis Bale. 
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will be found better to go over the iron two or three 
times, than to put too great a pressure on the \dieel, as 
the iron will become of a dark blue colour, and hard and 
liable to crumble away at the edge when in work. In 
working emery wheels, for whatever purpose they are 
employed, great care should be taken that they are run 
at a correct speed ; for general purposes a speed at the 
periphery of 4,500ffc. to 6,000ft. per minute, but not above, 
will be found suitable. If emery wheels are run too fast 
they may fly to pieces, and if too slow they will not cut 
properly. In selecting a steel for stone-working tools do 
not choose one too short in the grain ; as we have before 
remarked, one combining a certain amount of toughness 
with hardness will, as a rule, be found most suitable. 
Some steels will stand almost a white heat and yet temper 
well, whilst others have to be worked at a low red heat> 
so no arbitrary rules as to tempering colours can be made ; 
it simply resolves itself into a matter of actual practical 
experience. When a steel suitable for working the stone 
in hand has been found, stick to it, and do not keep 
constantly changing. 

For planing stone by fixed tools, either solid bars of 
steel are forged to the desired cutting shape, hardened 
and tempered, and mounted in a tool box, or, more 
recently, in lieu of bars, small pieces of steel mounted in 
tool holders, have been employed with advantage. The 
tool holders are of wrought iron, and the cutting tool 
is held in position by means of set screws, wedges, dove- 
tail grooves, or other similar plans. In some planing 
machines steel of tapered section is employed, and this 
can be used without much forging ; the desired cutting 
angle for stone being obtained by grinding. Bars of steel 
of a trapezoidal section — that is, the one edge of the bar 
is somewhat wider than the other edge — are also used for 
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tools for moulding and planing usually in machines 
arranged with a vertical cutter barrel. One end of the 
steel bar is ground obliquely, so that the bar at its wider 
edge stands somewhat further forward than at its back 
edge, the front wide edge forming the cutting edge of the 
tool. With some kinds of stone the end of the tool is 
groimd square, and set a little obliquely in its rest. As 
we have elsewhere remarked, we prefer a system of rolling 
cutters for dressing stone, to a plane surface ; we shall 
not notice at length, tlierefore, this form of machine tools, 
which are nearly allied to those used for iron planing. 
Whatever tools are employed, care should be taken that 
they are of sufl&cient strength and sufficiently self-sup- 
ported, that they do not spring whilst working. 

When, by experiment, the best form for the cutting 
angle and clearance angles of tools for dressing various 
stones has been ascertained, it is of great importance that 
a registry of them be kept, and care taken that they are 
exactly adhered to in all tools used for that class of stone. 
This can be secured by adopting a mechanical system of 
re-grinding, and by making sets of sheet-steel standard 
angle gauges, to which the various tools can be groimd. 
The rule of thumb should in all cases be avoided, as no 
matter how carefully carried out, where several cutters 
are employed a certain amount of irregularity must exist, 
the result being the stone requires an extra amount of 
finishing on the rubbing-table, when rubbed faces are 
required. A graduated adjustable slide-rest should in all 
cases be fitted to the grindstone, as it is impossible to 
secure accuracy by means of hand-grinding, and as we 
have elsewhere remarked, it will pay well to have one 
man especially to keep the cutting tools in order, and 
from experience he will soon learn exactly what is re- 
quired, and be able to judge from the natm'e of the stone 
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what width of cut may be safely taken. Where possible 
with easy working stones, we recommend broad cuts, at 
any rate for finishing purposes, say up to IJ wide, as a 
more accurate surface is obtained, and a considerable 
saving in time eifected. 

If ordinary straight tools are employed for planing or 
turning they will occasionally be found to spring and dig 
into the work, especially if a deep cut be taken ; this can 
generally be remedied by either cranking the cutting end 
of the tool or increasmg its section ; if the tool is strong 
this cranking may be done by grinding a hollow in the 
top side of the bar near the end. Thus, when in work, 
the tool having a certain amount of pliability, if it springs 
at all it will spring outwards, and not dig into and score 
the work. It is very important that the cutting angle of 
the tool be suited to the stone being turned, and when 
this is found it will in the end be the most economical to 
use steel of a section sufficiently strong to prevent its 
springing appreciably in either direction. If a short 
cutting tool and a tool holder be employed, the former 
should be strongly supported. 

One of the best and simplest forms of tool holders for 
turning lathes with which we are acquainted is that of 




no. 39. 

Messrs. Smith and Coventry, which we illustrate by Fig. 

39. As will be seen from the sketch, the tool holder is of 

L 2 
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square section with a boss forged on its front end. A bolt 
passes through this boss ; through the centre of the bolt 
immediately above its head, which is placed below the 
boss, is cut a vertical rectangular slot, and through this 
is passed a piece of steel of taper section, which performs 
the cutting. The tool is held in position by being fitted 
into slots cut into the upper face of the head of the bolt, 
and in a thick washer placed above the cutting tool and 
immediately below the boss of the tool holder. These 
slots are cut so that the steel tool stands with its upper 
face inclined to the horizontal, and gives the usual 
amoimt of top rake required. The nose of the tool can 
be ground to any desired shape, and the tool can be 
swivelled to any horizontal angle with the axis of the 
work, whilst the tool holder itself always remains per- 
pendicular to that axis. One of the advantages claimed 
for this tool holder is that the cutting tool can be 
instantly set to any desired horizontal inclination, 
according to the shape of the work being turned. The 
shape of the cutting tool allows it to be ground to any 
desired rake, and gives it stiffness in working. With refer- 
ence to the circular cutters already noticed, for hard lime- 
stone steel is necessary, but for gritstones, sandstones, 
and freestones, chilled cast-iron answers well, as it is as 
hard as steel and very inexpensive. The steel cutters are 
made in the form of flat discs or cones, but the cast-iron 
cutters always in the form of cones. 

In practice, where a tolerable thickness of stone has to 
be removed, say, about lin. in depth, it will be found 
preferable to take two cuts instead of one, as with some 
classes of soft stone the cutting tool will be found to dig 
downwards and *' pluck *' the stone. This, however, is 
more particularly the case with straight steel tools ; at 
the same time the friction on the tool is largely increased. 
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CHAPTER XVni- . 

NOTES ON MANAGEMENT OF A STONE WORKS. 

In the management of the yard or mill for stone conver- 
sion, it is important that ample appliances for lifting and 
transporting the stone are to hand. In a large works a 
steam overhead travelling crane can be used with advan- 
tage for lifting up to, say, 20 tons. The frames and 
crossbeams may be made of oak or pitch pine, but for 
heavier weights iron girders should be used. A very 
steady traverse of the crane may be obtained by using 
worm and worm-wheel gearing from the engine crank- 
shaft, working spur and bevel gear fitted to the wheel of 
the travelling carriage. The hoisting gear should be 
arranged with single and double purchase. The different 
transverse motions should be arranged to work either 
separately or simultaneously. A capstan or warping 
drum can be fitted with advantage to the framework of the 
crane, and utilised for bringing the stone trucks into 
position for unloading. This capstan should be arranged 
to drive independently of the travelling wheels. 

In establishments of moderate dimensions a hand- 
power overhead travelling crane may be sufficient. It will 
be found most convenient to work the lifting, transverse, 
and longitudinal travelling motions from below. To pre- 
vent accidents a powerful brake and catch arrangement 
should, in all cases, be fitted. The works should be 
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amply provided with crab winches fitted with brake, pulley 
blocks, stone bogies, stone shears, chain slings, louises, 
and several sets of masons' and quarrying tools. In 
lifting from quarries of considerable depth, perhaps the 
best plan is to use steel wire rope arranged to pass from 
the crane to a winding barrel. The necessary gearing 
can be fitted to a crane in any suitable postion. This 
plan will be found simple and expeditious, or strong 
timber stages fitted with travelling frames may be used ; 
in this case upon the travelling frames powerful travers- 
ing crabs are employed. These should, in all cases, be 
fitted with double purchase gearing and powerful brakes, 
and best tested lifting chains. The spindles should be 
bushed with gim-metal or phosphor bronze. 

In establishments where many moulded or plain bevelled 
surfaces are produced, it is important that the travelling 
table caiTying the stone, or a cradle mounted on it, are 
capable of adjustment laterally to various degrees of 
inclination, so that the stone can have its edge or face 
inclined, according to the angle or pattern of the mould- 
ing to be cut on it. 

In a stone-converting, as in all other works, manual 
labour should be reduced to the lowest limits by tlie 
introduction of all kinds of labour-saving appliances, and 
by having the building or yard, and its arrangements, well 
suited to the work to be performed. The division-of- 
labour system should, as far as possible, be carried out ; 
when a steady and uniform business is in vogue, this is 
particularly to be recommended, as it will be found that 
the workman, by constant repetition of the same work, 
will increase the output of his machine 15 or 20 per cent.* 
As regards the labour employed, the highly-skilled and, 

* See "Saw Mills: Their Arrangement and Management," by M. 
Powis Bale. 
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consequently, the highly-paid workman is, as a rule, the 
cheapest ; the first diflference in cost being soon counter- 
balanced by an increased output from the machine and a 
better average quality. We are strongly in favour of 
piecework where it can be managed ; it also has the 
additional advantage of ofiering a premium to the operator 
for keeping his machine and tools in constant use and in 
the highest state of efl&ciency. Accuracy of workman- 
ship should in all cases be insisted on. If a number of 
dressing tools are employed on one machine, care should 
be taken that they are all ground to the same angle, and 
tempered as nearly alike as possible. 

We need hardly say it should be the aim of the manage- 
ment to waste as little stone as possible ; all blocks should 
therefore be carefully inspected and measured, so as to 
work them up to the best advantage. The cost price of 
work should be constantly taken out, and it is advisable 
that the workmen should in all cases book their time on 
all the work they are employed on without exception ; 
although in some cases this may not be altogether 
necessary, it acts as a check on day workmen if they 
understand their time is likely to be dissected. All stores 
should be charged against each machine, and it will be 
found well to give each a number. 

It is important that a thoroughly good works foreman 
be employed — a man who knows what to do and how to 
do it — and we are in favour of allowing a foreman, in 
addition to his weekly wages, a small bonus or commission 
on results above a certain point. 

Owing to the dust floating about a stone-works, especial 
care must be taken that the various bearings are well 
lubricated and protected. As regards a lubricant, we can 
from experience recommend either of the following mix- 
tures : Good lard oil, 75 parts ; plumbago, or sulphur 
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powdered very fine, 25 parts. If the spindles are light, the 
amount of plumbago may be reduced ; should they be 
heavy, running at a low speed, and subject to constant 
and great pressure or strain, the plumbago may be 
increased witli advantage up to 40 parts. Oils containing 
acids or alkahes and low grades of mineral oils, should in 
all cases be avoided, as they are acrid in their nature, and 
their oleaginous properties are smaU. Amongst the fatty 
lubricants, sperm oil, lard oil, and Russian taUow, hold 
the foremost rank, and if they are carefully used they will 
last much longer than oils of low grades, and the bearings 
also will keep in better condition, as thin poor oils are 
rapidly absorbed or expelled. 

The shafting employed should be carefully arranged 
and fitted, and short centres should be avoided. Where 
large power is transmitted from a pulley, a bearing should 
be placed on either side of it. The plummer blocks used 
should be adjustable ; the best with which we are ac- 
quainted is made on the principle of the universal or ball 
and socket joint. The advantage of this plan is that, in 
whatever direction the shaft may incline, there is an 
equal wear or strain upon the whole surface of the bear- 
ing, and should the plummer blocks be set somewhat out 
of truth, the ball and socket joint allows the bear- 
ings to adjust themselves in line. As we have before 
remarked, we prefer the shafting to be mounted on 
standards and fixed underground, as it is easily got at and 
is out of the way. 

AU driving belts should be kept pliable. Tight belts 
should be avoided. If more driving power is required, 
increase the width of the belt. An application of Tanner's 
dubbin for leather and linseed oil varnish for cotton 
driving belts will make them pliable and increase their 
driving power. Belts should be kept free from moisture. 
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Wherever possible, the machinery should be so planned 
that the belts never have to run in a vertical line. Avoid 
the use of resin and other mixtures sold to increase the 
grip of the belt, as in most, if not all, cases they act in- 
juriously on the leather. 

A mixture of mutton fat and beeswax will be found a 
capital dressing, and will not injure the leather. Castor 
oil is also an excellent dressing for belts ; it should be 
mixed in equal proportions with taUow or oil. 

Profile templates of the various stone mouldings 
generally iq use should be made. 

In managing a stone or any other works economically 
it is important, if steam power is used, that the steam is 
not wasted. This can, in a measure, be guarded against 
by the employment of an engine fitted with an automatic 
expansion slide, which regulates the consumption of the 
steam to the power required to drive the machines 
actually in motion. The draught to the boiler should be 
regulated by a damper; this, if possible, should be 
arranged to work by steam automatically, as it requires 
no attention, and is regular in its action, and effects a con- 
siderable saving over the old form of slide-damper worked 
by hand, as its regular working is often neglected by the 
fireman in charge. A steam-damper can be arranged to 
act at any desired pressure of steam ; and, as the fire is 
automatically damped when that pressure is reached, a 
very considerable saving in fuel is thus effected. A feed- 
water heater should also be employed — ^if in combination 
with a filter so much the better. If the water contains 
iron or acid sulphates it must be purified and softened 
before use. 

As we have elsewhere remarked, it is of much import- 
ance to the health of the workman that the stone dust is 
kept down as much as possible, by being damped and 
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cleared away at stated intervals, which can be judged from 
the nature of the stone, some making much more dust 
than others. As illustrating the injurious effects of stone 
dust, Wiseman, in his book on Surger}^, relates a case in 
which a stone-cutter's man had the vesiculsB of his lungs 
so stuffed with dust that, in cutting, the knife went as if 
through a heap of sand. 

It is important that where stone has to resist the effects 
of the atmosphere, or to be polished, that its surface 
should be dressed true and be "unstunned." If the 
machine therefore that is employed to dress it, leaves the 
stone with an irregular " plucked " face it may be con- 
cluded, that either the type of the machine employed is 
unsuited to the stone or the stone is not suitable for 
machine conversion. As regards the best types of 
machines, speaking generally, for dressing and planing, 
especially for the harder classes of stone, we are in favour 
of the use of revolving chucks and cutters, and for 
moulding purposes, a combination of revolving roughing 
and stationary scraping cutters. 
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CHAPTER XrX. 

STONE-WORKING HAND LABOUR VERSUS MACHINERY. 

Although there is little doubt that machinery has a 
vast economical advantage over hand labour in the con- 
version of stone, it is — owing to the varying nature of the 
work and prices paid — a somewhat diflScult .task to com- 
pare the two systems by absolute figures. In calculating 
and comparing the cost of machine and hand labour on 
the one hand, we must take the cost of steam power, 
labour, renewal of cutters, oil, &c., and interest on 
capital sunk, with a certain allowance for depreciation. 
On the hand-labour side, we must put cost of labour, 
tools, &c., not forgetting the increased length of time 
necessary to produce a given amount of work, which 
means an increased rental. 

Taking, first, ordinary stone dressing : the number of 
superficial feet which can be dressed by a machine in a 
day will, of course, depend greatly on the nature of the 
stone being worked, and in the way the machine is kept 
constantly supplied with stone. It is important, there- 
fore, in order to secure the best results, that little or no 
time is lost in fixing and unfixing the stone. The size 
of stone being dressed will also affect the nimiber of feet 
produced in a .day, as with a machine it will take almost 
as much time to dress a small stone as a large one. 
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With the ordinary stones used in building construction of 
a moderate degree of hardness^ a well-designed machine 
should^ on a fair average^ dress about 80 superficial 
square feet per hour ; the cost of this, allowing two men 
and one boy to supply stone and attend to the machine, 
would amount to about 2a. ; whilst an average price to 
dress the same by hand would be about 5s., leaving a large 
profit and surplus for contingencies. 

In the case of hard grit stones, an output of rather 
more than one-half the above — say, 220 superficial feet 
per day of 10 hours — should be considered an average 
day's work. 

The makers of Brealey's Pf^tent Stone Dressing 
Machine assert that one of these machines, to take in 
4ft. wide by 2ft. high and 9ft. long, wiU tool or face from 
300 to 500 superficial feet of flags or landing, according to 
quality, per day of nine hours, at a total cost of 128. per 
day. If we take the medium of, say, 400ft. per day, 
which if worked by hand labour would cost l\d. per foot, 
we find that the cost would be £2 10s. ; whereas by the 
aid of a machine the work can be better done for about 
one-fourth the sum. 

Messrs. Brunton and Trier state that their machine ha& 
dressed to a perfectly good surface in sand and gritstone 
1,296 superficial feet in 49 hours, and in granite as much 
as 17 J square feet in an hour. 

A comparison of the cost of working moulding in stone 
by hand and by machinery has been published by the 
Builders' Trade Circular. The work on which the cost 
price was taken was a number of staircase steps in 
white Portland stone, 5ft. long by Tin. deep, with a 
moulding girting about 12in. They were cut one out of 
the other by steam stone saws, the cost of sawing being 
less than 2d. per foot. The moulding machine used was 
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by Rotheroe, and would take a stone 10ft. long by 5ft. 
6in. wide. It was a modification of an ordinary planing 
machine for working iron, and was fitted with a travelling 
bed with reversing action, and with two double tool boxes, 
so as to operate on the stone, if required, during both the 
backward and forward traverse of the table. The steps 
were reduced on the machine, with an ordinary point 
tool, to within a quarter of an inch of the correct size, 
and then scraped or finished with a tool made of sheet 
steel shaped to the exact profile of the moulding required. 
The number of steps thus moulded by the machine 
during several months averaged 18 per diem, giving as 
the day's work about 90 superficial feet of moulding. 
Two men worked the machine, and the steel tools were 
made on the premises, and the cost of these was about 
d£2 5s. per week ; one smith being pretty constantly, 
though not entirely, occupied in making, altering, repair- 
ing, sharpening, steeling, &c., as required. The first 
cost of the machine was ^300, exclusive of foundation 
and labour fixing. 

From these data, the cost of a day's work was given ; 
but several of the items would vary in different localities, 
such as the cost of labour and steam power. The 
estimate of cost was as follows : — 

Two labourers, one day each, 20 hours at 
^\d, per hour. (N.B. — They were active, 

intelligent men) £0 9 2 

Tools as above, per week 45*., per day ,.076 
Steam power, say about , . . .050 
Interest upon outlay at 5 per cent., say .,036 

£15 2 



At the ordinary price of London labour, 90ft. of 
Portland moulding, at Is. 2d. per foot prime cost for 



158 STONE'WORKING MACHINERY. 

hand labour, would amount to £5 5a. 4(1. Assuming the 
machine does this work at £1 5«. 2d., a very large margin 
for profit and contingencies is left. By the ordinary 
system of London measurement, all carving and setting 
is put on the price of the stone ; the price, Is. U. per 
foot, as quoted above, being for the labour of moulding 
only : the comparison, therefore, is absolute. Whatever 
the nature of the work, nearly the same superficies of 
moulding was worked, and the day's work given is the 
average of many days. 

In different localities, of course the conditions will 
vary. We think, however, the cost of machine moulding, 
as given above, is somewhat low, especially the wages of 
the attendants : and in practice we think it will be found 
more economical to employ one man, of a higher class 
than a labourer, who can sharpen and adjust his cutters, 
and be able to overcome any little difficulties that may 
arise owing to the varying nature of the stone worked, &c. 
However, should the cost of producing the 90ft. of Port- 
land moulding amount to SOs. — which sum, we think, 
will be found nearer the mark, except under special cir- 
cumstances — a very large margin of profit is still left. 

Another advantage that machine moulding will be 
found to have over hand moulding is that the work 
generally is better done, the lines being perfectly straight, 
and the edges beautifully sharp ; and should a large 
number of pieces of one moulding have to be worked they 
will be found absolutely alike in section. 

The amount of work turned out per day will of course 
vary with the size and nature of the stone, section of 
mouldiDg, and if the supply of stone is constant, and also 
if many changes of work are necessar3^ For working 
smaller stones, at any rate — such as stair steps, string- 
courses, sills, &c., and builders' work generally — a mould- 
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ing machine with s. vertical cutter ban'el is undoubtedly 
to be preferred, aa it is more easily worked, and the tools 
more readily adjusted or exchanged. The first cost, 
also, should be less than a machine with a horizontal 
barrel. 

An advanced type of vertical barrel I 1 1 

be capable of cutting a straight mould- 
ing girting, say 15in., on a piece of 
Portland 4ft. long, similar to sketch, 
Fig. 40, in thirty minutes : this we 
ourselves have done. . 

The following statement of work 
done by a Duplex barrel moulding and 
planing machine working in Portland 
stone was taken from the book of a "*'' *"' 

workman: — string 1ft. deep, Tin. projection, 50ft. run per 
day of 12 hours. Moulded steps, 24 per day worked both 
sides, with 4 steps on the machine at once. 

Window jambs 6in. face, full of mouldings, worked 
both sides, 150ft. run per day. 

As showing the large amount of work that may be pro- 
duced by the use of tools with a rolling contact, in 
preference to those with a dead contact, we have, on the 
authority of Messrs. G. and J. Fenning, of the Shap 
Granite Works, Westmoreland, that they turned in a 
lathe, with Brunton's patent cutters, 42 granite columns, 
of all sizes above Sin. diameter, amounting to 1,100 
■ superficial, in 383 hours; and they estimate one mason 
would have spent 4,428 hours in doing the same work. 
In the case of columns under Sin. diameter, the lathe 
turned 71 lineal feet in 114 hours ; tp do the same amount 
of work, a mason would have been occupied about 648 
hours. 

Although a very large saving can be effected over hand 
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labour in the conversion of stone by the employment of 
machiner}% it is important that the machinery selected or 
tools used shovld he suited to the nature of the stone and the 
laork to be carried out. If ia every case, before purchasing, 
the builder or quarry owner had the stone he chiefly used 
or sold tried on several types of machines, he would then 
be able to select the one blest suited to his requirements ; 
and, in some cases, much loss and annoyance would be 
avoided. 

In comparing the cost of horizontal-blade machine and 
hand sawing, the saving effected — although considerably 
in favour of machine conversion — will not be found so 
large as in moulding or dressing machines. The number 
of superficial feet sawn will, of course, depend largely on 
the nature and size of the stone and the number of saws 
employed. In sawing soft stone, such as Bath or Port- 
land, the cost of machine sawing may be fairly set down at 
about 2d. per foot, and the output with 6 saws at about 72 
square feet per day of 10 hours. The cost of hand sawing 
will generally average about 3 Jd. per foot ; but the work 
is not so truly done, and therefore requires more finishing 
on the rubbing table. At the same time the process is 
much slower. For sawing soft stone, steel-toothed saws 
have latterly been introduced with very satisfactory 
results as regards production. The harder kind of free- 
stone will not average more than about one-half the 
above output. 

Circular saws will be found much more expeditious for 
sawing stone than straight ones. They, however, have 
the disadvantage of taking greater power to drive, and at 
the same time the waste of stone is greater. Notwith- 
standing these drawbacks, the author can strongly recom- 
mend circular saws for converting Portland, Bath, York, 
and similar classes of stone. A well-constructed machine 
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of this class will cut from 150 to 250 running feet per day 
of 10 hours ; the output, of course, varying according to 
the nature of the stone being operated on. Should cir- 
cular saws be employed for dressing the faces of the stone, 
they can be made to turn out from Sin. to 9in. run per 
minute, and for this purpose they are really very valuable. 
The cost of rubbing or facing building stones on a large 
well-constructed machine may be set down at from \d. to 
3d. per superficial foot, according to the nature of stone. 
In turning granite with revolving cutters, a well-constructed 
lathe will give an output of at least 3 times tlie amount 
that can be produced in a lathe in which the turning tool 
is a fixture; in soft stones, however, the difference in 
output is not so great. 

The Author desires it to be understood that the figures 
as regards the outputs of various machines were obtained 
in most cases from the makers, and he declines therefore 
the responsibility as to their correctness, with the ex- 
ception of the Hunter Duplex Moulding and Planing 
Machine and Circular Saws, the output of which he has 
taken from absolute work done. 
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CHAPTER XX. 

NOTES OX MASONRY, RECIPES, ETC. 

In districts where stone is abundant and is largely used 
for building, ordinary walls are built of rubble stone, and 
measured by the cubic yard, or some other local standard, 
in Ireland by the running perch (21 ft.) of a given height 
and thickness, or by the square perch of 21 ft. super., at 
a standard thickness of 18 inches. 

A cubic yard of rubble masonry will, as a rule, require 
^ cubic yai-d of mortar and 1^ cubic yard of stone. 

In the West of England, the square perch is employed, 
of 18 ft. super. ; at a standard thickness of 2 ft., to which 
walls of any thickness are reduced. In other parts 
masonry walling is measured by the rood of 36 square 
yards, or 24 cubic yards, the standard thickness being 2 
feet, or by the rod of 27-2 feet super., as in brick waU at 
a standard thickness of 18 in. or 2 feet. 

The superficial content of the surface work is paid for 
separately by the square foot, yard, or rood of 86 square 
yards, including jointing or pointing, and such squaring 
to beds and joints as may be required, quoins, &c. ; of 
selected stones being often paid for at so much extra per 
foot nin. 

Block stone, for the cut stonework in buildings, is 
generally sold at the quarries, or delivered by tlie cubic 
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foot, or in large rough blocks by the ton, of from 13 to 
17 cubic feet, 1 in. being allowed each way for irregu- 
larities and waste. 

Quantity of stone of different kinds, equivalent to a 
ton in weight. 

Feet, Cube. 
Vein Marble , , . . . . . . .13 

Statuary Marble 134 

Granite 13J 

Purbftck 14 

Yorkshire 13 to 1 44 

Craigleith . ' 14f 

Portland 15 to 16 

Derby , , . . 15 

Bath 16 to 17 

Inches. Feet, Super. 

2J York Paving 70 

3" York „ 58 

2i Purbeck „ , , . , , . . . , 68 

3 Purbeck „ 56 

3 Granite „ 54 

6 Granite „ 27 

7 Granite Curb 23 

The following constants, chiefly for work on stone, are 
taken from the " Student's Practical Guide to Measuring," 
by E. Dobson. The factor to be applied is the daily 
rate of wages for a mason. 

Labour on Portland or similar stone, per foot super- 
ficial. 

N.B. — Sawing to be taken as half plain work. 

per foot super. Day. 

Plain work to bond stones -14 

„ to beds and joints . . . . . '181 

„ rubbed face '209 

„ „ circular "291 

Sunk work, rubbed '25 

„ „ circular '313 

M 2 
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Day. 

Moulded work, rubbetl "292 

,, circular '^17 

Circular work to shafts of columns having the neck 
moulding or part of the base worked in the same 

stone *334 

Circular — Circular or spherical work to domes or balls -5 

If rubbed, add extra -049 

Labour, squaring and laying York or Purbeck paving '021 

If in courses, add "Ol 

Taking up, squaring, and relaying old paving . . "042 

PAVING. 

One ton of 6-inch granite paving will cover 4 yards super. 
„ 7-inch „ „ 3J „ 

„ 8-inch „ „ 3 ,, 

„ 9-inch „ „ 3J ^, 

One ton of pebble paving will cover from 4 to 4J yards. 
„ ragstone „ „ „ 5 to 5J „ 



Keystones. 

To compute the depth of ke3'stones for segmental 
arches of stone (Trau twine). 

Fii'st class of aixh. — *36V of the radius at the crown. 

Second class of arch. — '4^ of the radius at the crown. 

Brick or rubble. — '45 V of the radius at the crown. 

In viaducts of several arches. Increase the above 
imits to '42, '46, and *51. 

Marble, White. — Specific gravity, 2,706 ; weight of a 
cubic foot, 169 lbs. ; weight of a bar 1ft. long and lin. 
square, 1*17 lb. ; cohesive force of a square inch, 1811 lbs. ; 
extensiljility, t^Vt of its length ; weight of modulus of 
elasticity for a base of an inch square, 2,520,000 lbs.; 
height of modulus of elasticity, 2,150,000 ft. ; modulus of 
resilience at the point of fracture, 1*3 ; specific resilience 
at the point of fracture, 0*48 (Tredgold) ; is crushed by a 
force of 6060 lbs. upon a square inch (Rennie). 
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Stone, Portland. — Specific gravity, 2*113 ; weight of 
n cubic foot, 132 lbs. ; weight of a prism 1 inch square 
uud 1 foot long, 0*92 lb. ; absorbs tV ^^ i^s weight 
of water (R. Tredgold) ; is crushed by a force of 3729 lbs. 
upon a square inch (Rennie) ; cohesive force of a square 
inch, 857 lbs. ; extends before fracture ttW of its length; 
modulus of elasticity for a base of an inch square, 
1,533,000 lbs ; height of modulus of elasticity, l,672,000fk. ; 
modulus of resilience at the point of fracture, 0*5 ; 
specific resilience at the point of fracture, 0*23 (Tred- 
gold). 

Stone, Bath. — Specific gravity, 1*975 ; weight of a 
cubic foot, 123*4 lbs. ; absorbs -yV of its weight of water 
(R. Tredgold) ; cohesive force of a square inch, 478 lbs. 
(Tredgold). 

Stone, Craigleith. — Specific gravity, 2*362 ; weight 
of a cubic foot, 147*6 lbs. ; absorbs Vt of its weight of 
water ; cohesive force of a square inch, 772 lbs. (Tred- 
gold) ; is crushed by a force of 5490 lbs. upon a square 
inch (Rennie). 

Stone, Dundee. — Specific gravity, 2.621 ; weight of a 
cubic foot, 163*8 lbs. ; absorbs -^\-y part of its weight of 
water ; cohesive force of a square inch, 2661 lbs, (Tred- 
gold) ; is crushed by a force of 6630 lbs. upon a square 
inch (Rennie). 

Stone-work. — ^Weight of a cubic foot of rubble-work, 
about 140 lbs. ; of hewn stone, 160 lbs. 

Slate, Welsh. — Specific gravity, 2*752 (Kirwan) ; 
weight of a cubic foot, 172 lbs ; weight of a bar 1 foot long 
and 1 inch square, 1*19 lbs. ; cohesive force of a square 
inch, 11,500 lbs. ; extension before fracture, -rVrir ; weight 
of modulus of elasticity for a base of an inch square, 
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15,800,000 lbs. ; height of modulus of elasticity, 
18,240,000 ft. ; modulus of resilience, 8*4 ; specific 
resilience, 2 (Tredgold). 

Slatk, Westmoreland. — Cohesive force of a square 
inch, 7870 lbs.; extension in length before fracture, tVtif> 
weight of modulus of elasticity for base 1 inch square, 
12,900,000 lbs. (Tredgold). 

Slate, Scotch. — Cohesive force of a square inch, 
9,600 lbs. ; extension in length before fracture, x^i\^ ; 
weight of modulus of elasticity for a base X inch square, 
15,790,000 lbs. (Tredgold). 

Alabaster Cement. — Plaster of Paris, 1 part ; yellow 
resin, 2 parts ; mix and apply hot, warming the faces of 
the fractiu-e or joint ; or sulphur or shellac, melted with 
plaster of Paris, or plaster of Paris alone. 

Granite Cement. — Gum dammar, marble dust, fel- 
spar ; the mineral ingredients are reduced to an impal- 
pable powder, and the mass is incorporated by gradual 
heating. It should be applied warm to the warmed faces 
of the fractured portions. The black felspar is preferably 
used, to prevent the detection of the joint. For a hard 
cement : dried and pulverized clay, 8 parts ; clean iron 
filings, 4 ; peroxide of manganese, 2; sea-salt, 1 ; borax> 
1 ; triturate, reduce to paste with water, use immediately* 
heat after using. 

Marble Cement. — Plaster of Paris steeped in a 
saturated solution of alum, and recalcined. Mix with 
water, and appl}'^ as plaster of Paris; this cement is 
susceptible of a high polish, and may be coloured to 
imitate marbles. A composition of gum-lac, coloured to 
suit the occasion. 
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The rust cement is also used, composed of hydro- 
chlorate of ammonia, 2 ; flour of sulphur, 1 ; iron filings, 
16. 

For coating insides of cisterns,, pulverized baked bricks, 
2 ; quicklime, 2 ; wood-ashes, 2 ; olive-oil to make a 
paste. 

For stone seams and joints, pulverized tiles or hard 
brick, 6 ; white-lead, 1 ; litharge, 1 ; oil to compound. 

Hydraulic cement, 12 ; triturated chalk, 6 ; fine sand, 
6 ; infusorial earth, 1 ; all mixed with soluble soda-glass. 

Stone Cement. — Fine sand, 20 parts ; litharge, 2 ; 
quicklime, 1 ; linseed oil to form a paste. 

A mineral compound for uniting stone and resisting 
water is made by mixing 19 lbs. of sulphur, with 42 lbs. 
of powdered glass or stone ware ; over a gentle heat the 
sulphur melts, and the whole is stirred till a homo- 
geneous mass is obtained, when it may be run into 
moulds. It melts at 248*" Fahr., and becomes hard as 
stone, and will resist boiling at 230°. Fahr. 

Cement for Joining Stone. — Sulphm% bees- wax, and 
resin, equal parts ; the sulphur and resin are to be 
melted together : the wax is then added, and the whole 
intimately mixed. The edges of the stones to be joined 
are to be gently heated, and in that state anointed with 
mastic, and then pressed tightly together until they are 
quite cold. 

Roman Cement. — Parker's analysis. One part of 
common clay to 2| parts of chalk, set very quick. 

Concrete. — Eight parts of pebble, or pieces of brick, to 
4 parts of scrap river-sand ; and 1 part of lime mixed 
with water, and grouted in, makes a good concrete. 
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LiMs Mortar. — One part of river-sand to 2 parts of 
powdered lime, mixed with fresh water. 

Hydraulic Mortar. — One part of pounded briek- 
l)Owder to 2 parts of powdered lime mixed with fresh 
water. Tliis moi-tar must be laid very thick between the 
bricks, and the hitter well soaked in water before laid. 

Hydraulic Concrete, by Treussart. Thirty parts of 
hydraidic lime, measured in bulk before slaked ; 30 parts 
of sand; 20 parts of gravel; and 40 parts of broken 
stone — a hard limestone. 

Cement for Stone and Brickwork. — Two parts of 
ashes, 3 of clay, and 1 of sand, when mixed with oil, will 
resist tlie weather. 

Waterproof for Cistern Stones. — (1), whiting 100 
parts ; resin, 68 ; sulphur, 18 J ; tar, 9 ; melt together. 
(2), sand, 100 parts ; quicklime, 28 ; bone ashes, 14 ; 
mi^ed with water. 

Artificial Stone can be made of clean sand and 
silicate of lime. 

Preservation of Stone. — Zyerelmey's plan is to 
satiu'ate with a silicate, and apply asphaltum varnish. 
Ransome's is to saturate with silicate of soda, and then 
with chloride of calcium. Kibble's plan is to paint with 
a compound of groimd lime, turpentine, flax seed oil, 
silicate of lead, and burnt copperas. Davies proposes 
sidphur and flax seed oil. Barff and Sullivan, treatment 
with alumina, carbonate of zinc, and siHcate of potash. 
Bemay's, fluo-siHcic acid, washed with alkaline solution. 
Rust and Mossop ; solution of caustic barytes, washed 
with fluo-silicic acid. Gros's plan ; a paint of wax, 10 
parts ; oil, 30 ; litharge, 1 ; heated to 212° Fahr. Spiller's; 
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superphosphate of lime, followed by ammonia (for Mag- 
nesian limestone). Crooke's ; fuller's earth in a dilute 
solution of hydrofluoric acid. 

For tempering mill bills and other tools for working 
hard stone, we have heard the following plan very well 
spoken of. 1. — Take 2 gals, of rain water, 1 oz. of 
corrosive sublimate, 1 oz. of salammoniac, 1 oz. of 
saltpetre, 1| pints of rock salt. The picks should be 
heated to a cherry red, and cooled in the bath. The 
salt is intended to give hardness and the other ingre- 
dients toughness to the steel. 2. — After working the 
steel carefully prepare a bath of lead heated to the 
boiling point. In it place the end of the pick to the 
depth of 1| inch until heated to the temperature of the 
lead, then plunge immediately into clear cold water. 
The principal requisite in making mill picks, i&c, are (1), 
good steel; (2), work it at a low heat; (3), heat for 
tempering without direct exposure to the fire, the lead 
bath is intended as a protection against the heat, which is 
usually too great to temper well. 
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CHAPTER XXI. 

TECHNICAL TERMS. 

Arohitrave — is n term applied to the assemblage of members or 
mouldingB which surround a door or window. 

Arohivolt — an ornamental moulding running round an arch. 

Arffillaoaoua shale or clny Plate has the same constitution as Mica 
slate ; but the particles are so fine as not to be distinguished. 

Arris — the line of concourse, edge, or meeting of two surfaces. 

— when each stone is squared and dressed to given dimensions. 
Bastard — is ashlar work, backed up with inferior work. 
Boasted — same as chiselled. 
Chiselled — a random tooled ashlar wrought with a narrow 

chisel. 
Herriner-bone — has a tooling of oblique flutes in ranks running 

in alternate directions. 
NifiTfired — a building block dressed with a pointed hammer. 
Pick, or hammer-dressed : it is known as common ashlar. 
Plane — a block in which the marks of the tools are dressed 

out. 
Pointed — the face marking done by a pointed tool or one very- 
narrow. 
Prison — the surface is wrought into holes. 
Bandom-tooled — a block whose groovings are irregularly cut 

with a broad tool. 
Boufirh Ashlar — a block of Freestone as brought from the 

(juarry. 
Busticated — the face of the block projects from the joint, 

arrises being bevelled. It may be rough or smooth faced, or 

variously tooled. 
Smooth — a block dressed ready for use. 
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Aslilar, Tooled — a block in which the surface has parallel vertical 
flutes. 
A smooth face around the joint is called a margin-draft. The 
face of an ashlar is the front exposed surface when built into 
the wall. Flanks, are the sides. Beds, are the upper and 
lower surfaces. Backs, are the rear surfaces. 

Band— denotes any flat low member, or moulding that is broad and not 
very deep. 

Bed-znouldinff— a collective term for all the moulding beneath the 
corona or principal projecting member of a cornice. 

Beddiner stone — a marble slab accurately level and on which pieces of 
stone or bricks are tried to prove the truth of their faces. 

Beds of a stone — the upper and lower surfaces of a block. 

Birdsbeak — a complete moulding used in the Greek Doric order. 

Bituminous shale — is a slate clay impregnated with bitumen. 

Blockingr course — a course of masonry laid on the top of a cornice 
crowning a wall. 

Boasted or chiselled— wrought by a narrow chisel. 

Boaster — a stone-mason's chisel, having an edge two inches wide, used 
in dressing down the surface of stone. It is intermediate in width 
between the iTiclh tool and the 'broad tool, which are respectively 1 inch 
and 3i inches wide. 

Borcer — a tool for boring rocks. 

Boss — a sculptured keystone. 

Boultine — a convex moulding whose periphery is a quarter of a circle 
next below the plinth in the Doric and Tuscan orders. 

Boulder — made up of rounded unwrought stones. 

Broached — hewed by mallet and chisel. 

Cantilivers — are trusses when used under modillions in the frieze. 

Chisel drauflrht — a plane surface formed along the edge of a block of 
stone by the mason before commencing to dress the surface. 

Chlorite slate — is of a dark green colour, similar to talcous slate. 

Churn junipers — so called from their method of working. 

Claying bar — an implement for driving in dry clay into the hole made 
by the jumping tool, if found too darup for the introduction of the 
blasting material. 

Cleaving grain — lines in the stone parallel to the planes of cleavage. 
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Console — is an omaincnt like a trass carried on a key -stone. 

Compound mooldinffB — are the cyma recta, which has the hollow 
up|)ermost and projecting. The cyma rerenta, which has a similar 
contour, but atlaptcil for a base moulding to a wall or plinth. 

Coursed work— in which the stones arc squared more or less and set in 
course?. 

Cramp or dowel — a piece of iron, copper, or wood usually of a dovetail 
form, used with lead for joining masonry. Dowels are sometimes made- 
with hartl stone, run with cement. 

Cutter barrel, cutter head, cutter block, tool box. Apparatus for 
liolding the working tools or cutters in stone-dressing machinery. 

Dentils — arc omnments used in the bed moulds of cornices. 

Dowel JoflTfirles — arc usually hanl pieces of stone cut and let into corre- 
sponding mortices in the two stones to be joined together. 

Dressiner — i'^ the working on the faces and beds. 

Dressings — the mouldings, and sculptured decorations of all kinds 
which are used on the walls and ceiling of a building for the purpose 
of ornament. 

DroTiner work — is first droved and then broached. 
Enriclied mouldinflrs — the above mouldings carved. 

Peathers — arc inverted wedges with circular backs. 

Plates — channels running down columns. These channels are some- 
times partly filled by a lesser round moulding ; this is called cabling- 
the flutes. 

Preestone — is applied indefinitely to that kind of stone which can readily 
be wrought. It includes the two great divisions of limestone and 
sandstone. 

Grit — Coarse sand, rough hard particles of sandstone. 

Ground table stones — the projecting course of stones in a wall above 
the plinth. 

Hammer dressed — squared and picked by the hammer. 

Herringr-bone — when the surfaces of the stone are formed with zig-zag 

lines. 
Hornblende slate — resembles mica-slate, but is less glistening and does 

not break into such thin sheets. 
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Impost — a horizontal moulding for an arch to spring from. 

Joggled stones— are jointed together when a projection is worked out 
on one stone to lit into a corresponding hole or groove in the other. 

Jumping tool — implement for boring. 

Key-stone— the stone in an arch which is equally distant from its spring- 
ing extremities. 

liintel or traverse — the cross top. 

Micaceous— stones laminated with mica. 

Mica slate — a rock composed of quartz and mica. 

Modillions — small brackets under the corona in the cornice. 

Mouldiners — may be divided into two classes, the simple and the com- 
pound ; the former are : — 

1st — The Roman ovolo, or quarter round ; or the Greek ovolo, with an 
elliptic or conic section. 

2nd — The cavetto or hollow. 

8rd — The torm or round. 

NifiTfired work — is that in which the work is picked with a scabbling 
hammer until the surface is nearly of the intended form. 

Ogree— a moulding which has the round uppermost and overhanging. 

Oolites or roestones — are composed of oviform bodies cemented by 
calcareous matter of a varied character. 

Ovolo — a convex moulding mostly used in classical architecture. 

Parpoint— squared stones laid in courses, with courses of headers at 
intervals of, say, five feet. 

Plane ashlar — rubbed smooth. 

Planes of deara^e — stone which occurs in contiguous strata pitsents 
a number of contact sui-faces called planes of clearage. 

Plucked — a dressed stone with an uneven and holey surface is plucked. 

Point, inch, tool, boaster, broad tool— are mason's tools usually em- 
ployed for dressing the face of stones. 

Beedinffs — are several beads placed together. 
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Sooirb — axed on the face. 

Bubbed work — when the surface of the stone is smoothed by mear.s of 
sand or grit stone. 

Bubble — a filling in with irregular stone. 

Babble work— in whicli the stones are not squared. 

Buetio nutsonry — if the joints of the masonry are sunk in channels the 
work is called rustic. 

Soabblinff— dressinj? the surface of the stone in the quarry with pointed 
picks. 

Scotia — is formed (»f two hollows, one over the other, and of different 
centres. 

Sootia — the hollow moulding in the base of an Ionic column. 

fik)raper — a tool for clearing the hole of stone chips and dust made by 
the boring tool. 

Slate adhesive — of a light greenish grey colour, is readily broken, and 
adheres to the tongue. 

Soflit — is the under part of a lintel or cornice. 

Spanlled — the action of splitting or scaling off small flakes of stone. 

Stone axe, Jeddiner axe, Soabbling hammer or cavil — is nsed 
previous to the operation of hewing, in order to bring the stone nearly 
to shape ; one end of the jedding-axe is flat, and is used for knocking 
off projecting angular points, and the other end is pointed for reducing 
the different surfaces nearly to the intended form. 

Strokiner — dressing stone by successive nari'ow flutes or grooves. 

Talcoee elate — contains talc instead of mica, has a more greasy feel than 

mica-slate. 
Tampiner-bar — a tool for filling up a bore-hole made for blasting. 

Throufirh-stones — or bond stones, are those placed with their greatest 
length going through the thickness of the wall at a right angle to its 
face. 

Trues — is a modillion enlarged and placed flat against a wall. 

TTnstunned — even on the face, not " plucked.** 

Weather mouldiner — a dripstone over a door or window to keep off 
water from the parts beneath. 
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A RRANGEMENT of shafting, 152 

A stone- works, 16 

Art of stone- working, origin of, 1 

BAND-saws with diamond points, 36 
Bearings, lubricant for, 19 
Bed, old moulding, 77 
ripping, 41 

— polishingj 109 

— rubbing or surfacing, 89 
Bedding, stone, 14 

CARVING machinery, 103 
Chairing and boring machine for 
railway blocks, 135 
Checking deep mouldings, 85 
Circular, revolving, or rolling cutters for 

dressing stone, 63 
Circular saws, construction of, 50 

for cutting stone, 40 

for roughing out mouldings, 100 

hydraulic feed for, 127 

speed of, 49, 161 

teeth of, 42 

Construction of stone-sawing frames, 

31 
Cost of stone-working by machinery, 

155 
Cutter blocks, moulding, composition 

of, 99 
Cutters, complex forms to be avoided, 

85 

— rolling for turning, 117 

— tempering, 85, 139 
Cutting difficult stone, 49 

— marble, 34 

— speed of circular-saws, 161 

— tools, 138 
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Cutting window sills, coping-stones, 

&c., 49 
Cylindrical pillars, method of cutting, 

26 

TVECOMPOSITION of stone, 12 
IJ Diamond drill, 38 
Diamond points for sawing, 36 
Disc surfacing machines, 75 
Disintegration of stone, 13 
Dressing and planing machines for 
stone, 52 

— granite, 75 

— mDlstones, 136 
Driving belts, 152 

Duplex stone-moulding machine, 81 

EDGE moulding, 87 
Emery wheels, speed of, 145 

FACING stone of awkward section, 
94 
First machine for dressing stone, 54 
Foundation of rubbing bed, 93 
Frame, saw, for marble, 33 
Frames, stone-sawing, 22 

constniction of, 31 

guides for, 32 

skeleton, 30 

— wooden, for holding stone, 84 

GRANITE dressing, 75 
— its composition, 8 

— turning, 116 

Grinding and polishing materials, 110 

— moulding irons, 144 
Grindstone dressing machine, 137 
Guides for saw frames, 32 
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HAND ruljbcrs for ]»olisbing, 113 
Hard stone dressing with diamond 
points, 37 
Head stock for holding pillars, 84 
Holing sUtes, 131 
Hydraulic fee<I circular saw, 127 
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RREGULAR moulding machine, 99 



LABOUR, hand, vtrt\u machinery, 
155 
Lathe for stone-turning, 115 
Limestone, its composition, 8 
Lubricants for l)caring8, 19 

MACHINE conversion, stone suitable 
for, 8 
Machine, first, for dressing stone, 54 
Machinery for breaking stone, 118 

dressing slate, 126 

millstones, 136 

planing slate, 131 

working slate, 1 24 

— hand lal)Our rersuit, 1 55 

— miscellaneous, for working stone, 
135 

Management of stone- works, 149 
Marble cutting, 34 

— quarrying, 1 35 

— saw frame for, 33 

— white, 164 
Masonry, Notes on, 162 

Materials for grinding and polishing, 

10 
Motive iwwer for stone- works, 19 
Moulding irons, grinding, 144 
Moulding machines, classes of, 79 

edge, 87 

for stone, 77 

horizontal barrel, 86 

irregular, 99 

Mouldings, ** checking" deep, 85 

PILLARS, cylindrical, method of cut- 
ting, 26 * 

— headstock for holding, 84 

Plan of stone-works for general pur- 
poses, 17 
Planing machines for stone, 52 
Polishing beds, 109 

— hand-rubbers for, 113 

— marble, 33, 111 
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Polishing materials, 110 

— stone of awkward section, 94 

QUARRYING machinery, 100, 131, 
135 

RECESSING machinery, 98 
Recipes, 162 
Rolling cutters for turning, 117 
Rubbing or surfacing beds, 89 

construction of, 93 

cost of, 92 

foundations of, 93 

SAND and water, supplying, 32 
— for sawing, 84 
Sandstones, their composition, 8 
Saws, circular, construction of, 50 

for cutting stone, 40 

teeth of, 42 

Scraping tools for mouldings, 82, 83 
Sculpturing machinery, 103 
Shafting, arrangement of, 152 
Slate drc»ssing machine, 126 

— holing machine, 131 

— pencils, manufacture of, 129 

— planing machine, 131 

— Welsh, 165 

— working machinery, 124 
Speed of circular saw, 161 

emery wheels, 145 

table for moulding, 87 

Stone, Bath, 165 

— breaking machinery, 118 

— the bedding of, 14 

— conversion of, to best advantage, 24 

— Cragleith, 165 

— decomposition of, 12 

— difficult cutting, 49 

— disintegration of, 13 

— dressing and planing machines, 52 

— Dundee, 165 

— found in Great Britain, 14 

— grooving machine, 100 

— moulding machines, 77 

— polishing of awkward section, 94 

— Portland, 165 

— preservation of, 168 

— recessing, 98 

— sawing frames, 22, 30, 33 

construction of, 31 

guide for, 32 

machinery, introduction o5^ 25 
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Stone Sawing, the term a misnomer, 22 
with diamond points, 36 

— saws, circular, 40 

— seasoning, 11 

— suitable for machine conversion, 8 

— surfacing or rubbing beds, 89 

— testing, 11 

— turning lathe, 115 

— the hardest not always worst to 
work, 9 

Stone-working, hand labour versus 
machinery, 155 

— art of, supposed origin of, 1 

— machinery, miscellaneous, 135 
Stoneworks, arrangement of, 16 

— management of, 149 

— motive power for, 1 9 
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TECHNICAL tenns, 170. 
Tempering cutters, 8^, 139 
Tools, Cook & Hunter's Patent, 43 

— cutting, 138 

— for moulding machine, 80, 81 

— reversible, 73 

— revolving, 53, 63 

— with diamond points, 37 
Turning lathes, 116 

— granite, 116 



VERTICAL moulding machines, 79, 
87 



WINDOW sills, coping stones, &c, 
cutting, 49 
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MILLS PLANNED AND ERECTED COMPLETE. 

CATALOGUES FREE. 
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''WOODWORKING MACHINERY, ITS RISE, PROGRESS, AND 
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CIVIL AND MECHANICAL ENGINEERING, 
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A COMPLETE and PRACTICAL TREATISE on CAST 

and WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and De- 
scriptive. By William Humber, A.-M. Inst. C.E., and M. Inst. 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to. 
Price 6/. i6j. 6</. half-bound in morocco. 
"A book— and particularly a lai^e and costly treatise like Mr. Humbcr's— which has 

reached its third edition, may certainly be said to have established its own reputation." 

'—Engineering. 

A TREATISE ON THE STRENGTH OF MATERIALS, 

with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. By PeTer Barlow, F.R.S. 
Revised by his Sons, P. W. and W. H. Barlow. Edited by 
W. Humber, A.-M. Inst. C.E. 8vo, Price i&r. cloth. 
"The standard treatise upon this particular subject." — Engineer. 

GRAPHIC AND ANALYTIC STATICS IN THEORY 

AND COMPARISON. Their Practical Application to the Treat- 
ment of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To which is added a Chapter on Wind Pressures. By. R. 
Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo, Price 16s, cloth. 
** Mr. Graham's book will find a place wherever graphic and analytic statics are 
used or studied." — Engineer. 

HYDRAULIC MANUAL. Consisting of Working Tables 

and Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Louis D*A. Jackson. Fourth Edition. 
Rewritten and Enlarged. Large Crown 8vo, Price idr. Cloth. 
*' Mr. Jackson's Hydraulic Manual^ is recognised as the standard work in this depart- 
ment of mechanics. The present edition has been brought abreast of the most recent 
^mcxXce."— Scotsman. 

A TREATISE on the PRINCIPLES and PRACTICE of 

LEVELLING : showing its Application to Purposes of Railway and 
Civil Engineering, and in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, F.G.S., 
M. Inst. C.E. Sixth Edition, very carefully revised, with the addition 
of Mr. Law's Practical Examples for Setting out Railway Curves, and 
Mr. Trautwine's Field Practice of Laying out Circular Curves. 
With 7 Plates and numerous Woodcuts. 8vo, Price 8^". 6d, cloth. 

PRACTICAL TUNNELLING: Explaining in detail the 

Setting out of the Works, Shaft -sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels, with the amount of 
labour required for, and the Cost of, the various portions of the work. 
By F. W. SIMMS, M. Inst. C.E. Third Edition, Revised and Ex 
tended. By D, Kinnear Clark, M.I. C.E. Imp. 8vo, with 21 
Folding Plates and numerous Wood Engravings, Price 30^. cloth. 

CROSBY l6cK\v60D~&~c6., 7, Stationers' Hall Court, London, E.C. 



NEW AND STANDARD WORKS. 



EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consUting of 46 
Plates from the Contract Drawings or Admeasurement of select 
Works. Bv \V. Davis Haskoll, C. E. Second Edition, with the 
addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, Price 2/. 12s, 6d. half-morocco. 

" A work of the present nature by a man of Mr. HaskoU's experience, taust prove 
invaluable, llie tables of estimates considerably enhance its \9\uc*'^Emg^n€eritig'. 

A PRACTICAL and THEORETICAL ESSAY on OB- 
LIQUE BRIDGES, wiih 13 large Plates. By the late Geo. Watson 
Buck, M. I.C.E. Third Edition, revised by his Son, J. H. Watson 
Buck, M. I.C.E. ; and with the addition of Description to Diagrams 
for Faciliiatinc the Construction of Oblique Bridges, by W. H. Bar- 
low, M. I.C.E. Royal 8vo, Price 12s. cloth. 

" The standard text book for all engineers regarding skew avches." — Engineer. 

STATIONARY ENGINE DRIVING. A Practical Manual 

for Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo. Price 4?. 6d, cloth. 

"An engineman who has mastered the contents of Mr. Reynolds's book will require 
but little actual experience with boilers and engines before he can be trusted to look 
after them." — English Mechanic. 

MECH.\NICAL ENGINEERING : Comprising MetaUurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufac- 
ture of the Steam Engine, &c. ByF. Campin, C.E. Price 3J. cloth. 

DETAILS OF MACHINERY: Comprising Instructions for 
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MATERIAI^ AND CONSTRUCTION : a Theoretical and 
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LATHE-WORK : a Practical Treatise on the Tools, Appli- 
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coat-pocket size. Price is. 6d., limp leather. 
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THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edition, with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, &c. ; 
and an Extensive Table of Powers and Roots, i2mo. Price 5^. bound. 
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THE ENGINEER'S, MILLWRIGHT'S, and MACHINISTS 

PRACTICAL ASSISTANT; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton, author of ** The 
Operative Mechanic's Workshop Companion. " i^mo. Price 2j. 6^/. 
cloth. 

THE SCIENCE of BUILDING : An Elementary Treatise 

on the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of Light- 
ning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo. Price Ts. 6d, cloth. 

** A very valuable book, which wc strongly recommend to all students." — Builder. 
*' No architectural student should be without this handbook."— ^n*A//^c/. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTI- 
CAL, Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of " Clocks and Watches and 
Bells,'' &c. i2mo. Price 5j. cloth. 

" A book which is always amusing and nearly always instructive. We are able very 
•cordially to recommend all persons to read it for themselves." — Times. 

" We commend the book to the thoughtful consideration of all who are interested 
in the building art" — Builder. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS ; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious Memo- 
randa for the Valuation of Labour and Materials in the respective 
Trades of Bricklayer and Slater, Carpenter and Joiner, Painter, and 
Glazier, Paperhanger, &c. With 8 Plates and 63 Woodcuts. 
Originally edited by Edward Dobson, Architect. Fifth Edition, 
re-written, with considerable Additions. By E. Wyndham Tarn^ 
M.A., Crown 8vo. Price 9^. cloth. 

" This edition will be found the most complete treatise on the principles of measurini; 
and valuing artificer's work that has been published." — Building News. 
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THE WEIGHT CALCULATOR, being a Series of Tables 

upon a New and Comprehensive Plan, exhibiting at one Reference the 
cxacl Value of any Weight, from lib to 15 tons, at 300 Prc^essive 
Rates, from I Penny to 168 Shillings per cwt. By Henry Harben, 
Accountant. New Edition. Royal 8vo. Price i/. 5f., half-bound. 

THE DISCOUNT GUIDE : comprising Tables for the use 

of Merchants, Manufacturers, Ironmongers, and others, by which may 
be ascertained the exact profit arising from any mode of using Dis- 
counts, either in the Purchase or Sale of Goods, and the method of 
either Altering a Rate of Discount, or Advancing a Price, so as to pro- 
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allowing one or more Discounts : to which are added Tables of Profit 
or Advance from I ^ to 90 per cent., Tables of Discount from i\ to 98} 

)er cent., and Tables of Commission, &c., from } to 10 per cent. E(y 

:Ienry Harukn, 8vo. Price i/. 5^., half-bound. 
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THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWINCi. By John Maxton, Instructor in Engineering Draw- 
ing, Royal Naval College, Greenwich, formerly of R.S.N.A., South 
Kensington. Fifth Edition, carefully revised. With upwards of 300 
Plates and Diagrams. i2mo. Price 45. cloth. 

** A copy of it should be kept for reference in every drawing ofHce." — Engineerhig. 
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ELECTRIC LIGHT : Its Production and Use, embodying 
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Lamps, and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of *• Electroplating." Edited by F. C. Webb, M.I.C.E., 
M.S.T.E. Second Edition, Carefully Revised, with Large Additioiis 
and 128 Illustrations. Cr. 8vo. Price ys, 6d, cloth. 

" The book is by far the best that we have yet met with on the subject.** — Athenteum. 
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Price 4i. half- bound. 
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pocket size. Price u. 6</. leather. 
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Humberts Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst. 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, ^/, ds, elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs.— IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — ^XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVn. Description of Plates. — Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specin 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, LAmbeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more dbtinctive of French and German than 
of English technical treatises."— .£ff^{»/^r. 

Humbei^s Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst, 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. i6x. (id, half-bound in morocco. 

" A book — and particularly a large and costly treatise like Mr. Humber's — ^which 
has reached its third edition may certainly be said to have established its own 
reputation." — Engineering, 
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Humbers Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Scries. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A.-M. Inst. C.E., &c. Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

Ust of the Plates and Di 
Victoria Station and Roof, L. B. & S. 

C. R. (8 plates^: Soiithport Pier (2 plates); 

Victona Station and Roof, L. C. & D. and 

G. W. R. (6 plates) ; Roof of Cremome 

Music Hall : Hridce over G. N. Railway ; 

Roof of Station, Dutch Rhenish Rail (2 



ms. 



fta^ra 
plates) ; Bridge over^ the Thames, West 
London Extension Railway (^ plates) ; Ar- 
mour Plates ; Suspension Bridge, Thames 
(4 plates) : The Alien Eneine ; Suspension 
Bndge, Avon (3 platesj; Undergroimd 
Railway (3 plates). 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Scries. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 
&c 3/. 3r. hali morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin 
(15 plates); Charint; Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; £bbw 



Viaduct. Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall RailMray ; Duhlin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E, and descriptive Letterpress, Specifica- 
tions, kc, 3/. 3^. half morocco. 

List of the Plates and Diagrams, 



Main Drainagk, Metropolis.— 
North Side.—Msip showing Interception 
of Sewers ; Middle Level Sewer (a plates) ; 
Out£all Sewer, Bridge over River Lea (q 
plates); Outfall Sewer. Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over Eia.«it London Waterworks' Feeder 
(a plates) ; Outfall Sewer, Reservoir (a 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Siit^.—OutSall Sewer, Bermondsey 

HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Branch (a plates) ; Outfall Sewer. Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist \ SecUons of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(a plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



Abbey Mills Pump'ng Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (s plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates); 
A(Uim's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Koof, Channg Cross Railway (3 plates); 
Road Bridge over the River Nloka (2 
plates) ; Telegraphic Appaiatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); Sl German's 
Viaduct, ComwaM Railway (a plates) ; 
Wrougbt-Iron Cylinder for DivingBell ; 
Millwall Docks (6 plates) ; Milroy'sPatent 
Excavator, Metropolitan District Railway 
(6 plates); Harbours, Ports, and Break- 
waters (3 plates). 
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Strains in Iron Frameworks^ &c. 

GRAPHIC AND ANALYTIC STATICS IN THEORY AND 
COMPARISON. Their Practical Application to the Treatment 
of Stresses in Roofs, Solid Girders, Lattice, Bowstring and Sus- • 
pension Bridges, Braced Iron Arches and Piers, and other Frame- 
works. To which is added a Chapter on Wind Pressures. By R, 
Hudson Graham, C.E. With numerous Examples, many taken 
from existing Structures. 8vo., i6s. cloth. 
"Mr. Graham's book will find a place wherever graphic and analytic statics are 
used or studied." — Engineer. 

" This exhaustive treatbe is admirably adapted for the architect and engineer, 
and will tend to wean the profession from a tedious and laboured mode of calcula- 
tion. To prove the accuracy of the graphical demonstrations, the author compares 
them with the analytic formulae given by Kankine." — Building News. 

Strength of Girders. 

GRAPHIC TABLE for FACILITATING the COMPUTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEEL 
GIRDERS, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C. E. On a Sheet, 2J. 6d. 

Strains yFormulce & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. Inst C.E., &c. Third Edition. Cr. 8vo, ^s, 6d, cl. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo,.5x. doth. 

"The student cannot find a better book on this subject thanMr. Sh&ids'."-— Engineer. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. By Peter Barlow, F.R.S. 
Revised by his Sons, P. W. and W, H. Barlow. Edited by 
W. HuMBER, A-M. Inst. C.E. 8vo, i&f. cloth. 
" The standard treatise upon this particular ^loMitxXP-— Engineer, 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added. Experimental Researches on the Strength, 
&c., of Cast Iron. By E. Hodgkinson, F.R.S. 8vo, I2j. cloth. 
*^ Hodgkinson's Researches, separate, price 6r. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment- Basins, Drainage, Sewerage, 
and Water Supply. By J. Neville, C.E., M.R.LA. Third 
Edition, Revised and Enlarged. Crown 8vo, 14^. cloth. 

B 2 
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Hydrau/ics. 

HYDRAULIC MANUAL. Consisting of YWking Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. IJy Lowis D'A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo., l6s. cloth. 
*' Mr. Jark son's Hydraulic Manual is rero{;ni>ed as the standard work in this 

department of mechanics. The present ediiiun has been brought abreast of the 

most recent practice." — Scotsman. 

River E7if;mecri7ig, 

RIVER BARS : The Causes of their Formation, and their Treat- 
ment by 'Induced Tidal Scour,' with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, 
Assis. ICng. to the Dublin Port and Docks Board. Rl. 8vo. is, (xi. cl. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, m the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of I^3dng 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&f. td, cloth, %* Trautwine on Curves, separate, 51. 

Practical Tunnelling, 

PRACTICAL TUNNELLING : Explainmg in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M. I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30^. cloth. 

Civil and Hydraulic Engineering, 

CIVIL ENGINEERING. By Henry Law, M. InsL C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, M.I.CE. Seventh Edition, Revised, with large addi- 
tions, by D. Kinnear Clark, M. Inst. C.E. 7^, 6^., cloth. 

Gas-L ighting. 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Householders, Gashtters, MillowTiers, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6d, 

Earthwork. 

EARTHWORK TABLES, showing the Contents m Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, CE., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5^. cloth. 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION and WORKING. 
Embracing a Comprehensive History of the System, with an 
Exhaustive Analysis of the various modes of Traction, including 
Horse-power, Steam, Heated Water, and Compressed Air ; a 
Description of the Varieties of Rolling Stock, and Ample Details 
of Cost and Working Expenses ; the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnear Cla^k, M. 
Inst. C. E. With over 2(X) Wood Engravings, and 13 Folding 
Plates. 2 vols. Large Crown 8vo, 30^. cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.'*' — The Engineer, 

"The work is based on former tramway experience, and is specially valuable in 
these days of rapid change and progress." — Engineering. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewcll's Treatise on Steam. By D. 
Kinnear Clark, M.I.C.E. Second Edition. i2mo, 4J. cloth. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics,** "The Elements of Mechanism," &c. Fifth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— JI/mxMj' journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, dd. 
" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rzTi\:^^—EnglUh Mechanic, 

Smithing and Farriery. 

THE SMITHY AND FORGE. A Rudimentary Treatise, 
including Instructions in the Farrier's Art, and a Chapter on 
Coach-Smithing. By W. J. E. Crane. 3j. cloth. 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, ' 
and Boiler- Yard. By Francis C ampin, C.E. 3j. td, cloth. 

Mechanical Engineering, 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E, 3jr, cloth. 

JVbrks of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin, C.E. i2mo, 3^. 6^. cl. brds. 

Iron Bridges y Girders y Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E.i2mo,3J. 
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Bridge Construction in Masonry^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consistiiig of 
46 Plates from the Contract DraMrings or Admeasurement of sdect 
Works. By W. Davis Haskoll, CE. Second Edition, with 
the addition of J54 Estimates, and the Practice of Setting oat Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I3x. ttU half-morocco. 
*' A work of the present nature by a man of Mr. HaskoU's experience, must prove 
invaluable. The tables of estimates considerably enhance its value."— J?ff(f»f«rrM^. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. L C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H . Barlow, M. I. C. E. Royal 8vo, 1 2j. doth. 

" The standard text book for all engineers regard^g skew arches."— .£M|;«Mrr. 

Oblique Arc/tes. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rdEd.Imp.8vo,&r.cloth. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Tarrow. With 29 full-page 
Lithographic Diagrams. Folio 2IJ. half-bound. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M. S. E. Sixth Edition. Including A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4J.6^. cL 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engitteer. 

The Engifteery Firemany and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4r. 6d. 

Stationary Engine D^Hving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6</. cloth. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine- Drivers. By Michael 
Reynolds. Eighth Thousand. Crown 8vo, 2J. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construc- 
tion and Performance. With copious' Illustrations and numerous 
Tables. By Michael Reynolds. Large Crown 8vo, 9j. cloth. 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. ^s. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. Demy 8vo, i/. 4J. cloth. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Wakken, K.£. With 
19 Plates and 11$ Woodcuts, royal 8vo, idf. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Third Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3J. dd, 
* E^ch table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument." — Engineer. 

** Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Pioneer Engineering. {Athenaum, 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A. I. C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
*' A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — Athenaeum, 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORX 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, il. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
By J. H. Watson Buck, M. Inst. C.E., &c. Illustrated with Fold- 
ing Plates. Royal 8vo, I2J. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the profession, and to all who have to build similar shafts." — Building News, 
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Survey Practice. 

AID TO SURVEY rRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
• and Sea. \Vith Tahles, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M. I.C. E. Author of " Hydraulic Manual and 
Statistics," &c Large crown 8vo, I2J. 6^., cloth. 
*' Mr. Jackson h.xs had much and varied experience in field work and some know- 
ledge of lH>okmaking, and he has utilised both these acquirements with a very tiseful 
result. The volume covers the ground it occupies very thoroughly." — Engineering. 
** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
itomethin|( of the mathematical principles of the subject a better course than to forti^ 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
uselul manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student."— ^vxA/ixj' News, 

Sanitary llork. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — I. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. ByCHAS. Slagg, Assoc ^L Inst C.£. Second Edition, 
Revised and Enlarged. 3J. 6^/., cloth boards. 
"This book contains all that such a treatUe can be expected to contain, and is 
sound and trustworthy in every particular." — Builder. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4^. td, cloth. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
NEAR Clark, M. Inst. C.E. Second Edition, revised. With 
Illustrations. i2mo. 4J. cloth boards. 
Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, M. Inst C.E. Second Edit, revised. i2mo, ^s, cloth. 
•* A book which every borough surveyor and engineer must possess, and of consi- 
derable service to architects, builders, and property owners." — Building News, 
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Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. With Illustrations. i2mo. y, 6d, cloth boards. 
" The student cannot foil to profit largely by adopting tms as his preliminary text- 
book.*' — Iron and Coal Trades Review. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Mmtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlax^d. Cr. 8vo. I2J. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athenaum, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, 2^. dd. doth. 
*' As a really handv book for reference, we know of no work equal to it ; and the 
railway eneineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
a^adlable for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N, A., 
S outh Kensington. Fifth EcUtion, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, stroi^ly bound, 4J. 

" A copy of it should be kept for reference in every drawing office.** — Engineering,. 

" Indispensable for teachers of engineering 6xvmxig**—'Meckankt' Magasine. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHiEOLOGY, the FINE ARTS, &c. By John Wealk. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of '* Ure's Dictionary of Arts." i2mo, dr. d. bds. 

" The best small technological dictionary in the language." — Architect, 

" The absolute accmacy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete."— iKfMMif y<mmaL 



lo WORKS IN MINING. METALLURGY. ETC., 

MINING, METALLURGY, ETC. 

•— 

Metalliferous Alining. 

BRITISH MINING. A Treatise on the History, Discovery, 
Practical Development, and Future Prospects of Metalliferous 
Mines in the United Kingdom. By Robert Hunt, F.R.S., 
Keeper of Mining Records ; Editor of " Ure*s Dictionary of Arts, 
Manufactures, and Mines,*' &c. With upwards of Two Hundred 
Illustrations. Super royal 8vo. \ytist ready. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and An.il)'ses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Anal)rses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £i 8j. cloth. 

Metalliferous Minerals and Mining, 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. 8vo, I2j. dd. cloth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Journal. 

Earthy Mifterals and Miniftg, 

EARTHY AND OTHER MINERALS, AND MINING. 
By D. C. Davies, F.G.S. Unilbrm with, and forming a com- 
panion volume to, the same Author's " Metalliferous Minerals and 
Mining." With numerous Illustrations. [Nearly ready. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. 
Illustrated. Second Edition, revised. 3^. td. cloth. 

Minings Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties, By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 4J. cloth. 

*, Also, bound with Thoman's Tables. 7j. 6d, (See page 20. 
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Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and Enlarged. Illustrated. 5 J. 6^., cloth. 

Coal and Coal Mining. 

COAL AND COAL MINING. By Warington W. Smyth 
M.A., F.R.S., &c.. Chief Inspector of the Mines of the Crown. 
Fifth edition, revised. 4J. clotb. 
" Every portion of the volume appears to have been prepared with much care, and 
as an outline is given of eveiy known coal-field in this and other countries, as well as 
of the two principal methoas of working, the book will doubdess interest a very 
large number of readers." — Mining youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell. 8vo, 15J. cloth, 

Mamial of Mining Tools. 

MINING TOOLS. By W. Morgans. Text,*i2mo, y. Atlas 
of 235 Illustrations, 4to, 6s. Together, 9J. cloth. 
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« 

Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2J. 6^., strongly bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels." 

— Ens^ineer. 

** Mr. Maclcrow has compressed an extraordinary amount of information into this 

useful volume." — Athenceum. 

Pocket- Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N. A. Third Edition. Royal 32mo, leather, gilt edges, \s. 
"A most useful companion to all marine engineers."— (TffzV^df Service Gazette » 
''Scarcely anything required by a naval engineer appears to have been for- 
gotten."— /fw». 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. By John Grantham, M. Inst. C.K, &c Fifth Edition. 
40 Plates. Imp. 4to,bds., with separate Text, 2/. zs. complete. 
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Light-Houses. 

EUROPEAN UGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major Gecrgs H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. doth. 

Surveying [Land and Marine), 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, \zs, dd, doth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lor. 6d, doth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, y, cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. i2mo, ^r. doth boards. 

Navigation {^Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated. i2mo, is, strongly half-bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc^ are published in the 

above series, 
NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. i2mo, 2t. 6d, cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fifteenth Edition. i2mo, zs, 6d, doth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated, i2mo, 3J. doth boards. 
NAVAL ARCHITECTURE. By James Peake. Fifth Edition, 

with Plates and Diagrams. i2mo, 4s, doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Eighth Edition. [In preparation. 
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ARCHITECTURE, BUILDING, ETC. 
Construction, — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A. 
With 58 Engjavings. Second Edition, revised, price 7j. dd, 
** A very valuable book, which we strongly recommend to all students." — Builder, 
" No architectural student should be without this hand-book." — Architect, 

Civil and Ecclesiastical Bttilding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restor«\tion. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. i2mo, Sj. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
veiy cordially to recommend all persons to read it for themselves. "—Times. 

We commend the book to the thoughtful consideration of all who are interested 
in the building dctt."— Builder. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. WiCKES, Architect. 
30 Plates, 4to, half morocco, gilt edges, i/. U. 
*»* An Enlarged edition, with 61 Plates. 2/. 2J. half morocco. 

Useful Text- Book for Architects. 

THE ARCHITECT'S GUIDE : A Text-book for Architects, 
Clerks of Works, &c By F. Rogers. Cr. 8vo, 6j. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H, Guillaume. i2mo, cloth, 4f. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7j. 6^. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 3J. 6</. cloth. 

Builders and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders* 
Materials and Labour, &c. Revised by F. T. W. Miller, 
A. R. I. B. A. Half-bound, ^, 

Stone-working Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Eco- 
nomical Conversion of Stone. By M. Powis Bale, M.I.M.E., 
A. M. I. C. E. \Nearly ready. 
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Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Large folio, with 130 Plates, half-bound, 3/. 3^. 
*«* Originally published in two volumes, folio, at 18/. i8j. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S. 
Numerous Plates. l2mo, cloth limp, 5x. 

Ancient Architecture, 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, dr., half-bound. 
♦»♦ rh€ only edition of VITRUVIUS procurable at a moderaU price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds. Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo, ds, half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Illustrations, Notes, 
and an Examination of Grecian Architecture. By Joseph Gwilt, 
F.S. A. Edited by W. H. Leeds. 66 Plates, 4to, zis. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Third Edition, Revised. i2mo, 6s. cloSa. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised, with 330 illustrations. i2mo. 4J. cloth. 

joints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 

construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy, 
Architect. With 160 Illustrations. i2mo, 3^. 61/. cloth boards. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.LB.A. New Edition, in One large volume, 8vo, with 

upwards of looo pages of text, and 33 Plates, cloth, i/. lu. 6</. 
"In this work forty-four specifications of executed works are given. . . . Donakl- 
son's Handbook of Specifications must be bought by all architects."— iff»»2g£rr. 

Specifications for Practical Architecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. doth. 

%* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extmct from Preface, 

Designingy Measuring ^ and Valuing. 

THE STUDENTS GUIDE. to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; contdnhig 
Directions tor taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades ot Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 8 Plates and 63 Wood- 
cuts. Originally edited by Edward Dobson, Architect. Fifth 
Edition, Revised, with considerable Additions on Mensuration and 
Construction, and a new chapter on Dilapidations, Repairs, and 
Contracts. By E. Wyndham Tarn, M.A, gj. ^ust published, 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of die yroni,**— Engineering. 

Beaton* s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Buil(Ung collectively, more especially applied to Carpenters' 
and Joiners' work. By A, C. Beaton. Second Edition. 
Waistcoat-pocket size. is. 6d, 

Beaton'sBuilders* and Surveyors^ Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: contammg an Expla- 
nation of the Terms used in Building Construction, Directions for 
Measuring Work, Useful Memoranda, &C. By A. C. Beaton, ij.6^ 

The House-Ownef^s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wiU it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.LB.A. 
Third Edition, Revised. Crown 8vo, 3J, 6^., cloth. 
" In two years it will repay its cost a hundred times over."— /Y(rAf. 
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CARPENTRY. TIMBER. ETC. 

♦— 

TredgolcTs Carpentry y new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 

a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c To which 
is added an Essaj on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thobias Tredgold, 
C.E. Edited by Peter Barlow, F.K.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to l/. 5^. cloth. 
"A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned, llie Author's principles are rather confirmed than impaired by 
time. The additional pbtes are of ereat intrinsic y^yx^*— Building News. 

Grandys Timber Tables^ 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, 31. 6^. cloth. 



*' Everything it pretends to be : built up gradually, it leads one from a forest to a 

reieht, a nost of material concerning . 

cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic. 



treenail, and throws in, as a makeweight, a nost of material concerning bricks, columns. 



Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crovm 8vo, 6j. 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. 6^. cloth. 

"Invaluable labour-savtne tables." — Ironmonger. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, 3^. cloth. 

fforton's Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit With Additions, i2mo. strongly bound in leather, 5^, 

Hortoris Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. . 
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Nicholson* s Carpentei^s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pynk. With 74 Plates, 4to, i/. is. cloth. 

Dowsing^ s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By W. Dowsing. Third Edition. Crown 8vo, 31. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3J. td. d. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Po wis Bale, M.I.M.E. Crown 8vo, I2j. 6</. cl. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for buUders and others engaged in the con- 
version of timber. " — A rckitect. 

** The most comprehensive compendium^ of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Butting; News, 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Being a Companion Volume to *• Woodworking 
Machinery.") By M. Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown 8vo, lOJ. 6^., cloth, \yust published, 

•• The author is favourably known by his former work on * Woodworking Machi- 
nery/ of which we were able to speak approvingly. This is a companion volume, 
in which the administration of a large sawing establishment is discussed, and the 
subject examined from a financial standpoint Hence the size, shape, order, and 
disposition of saw-mills and the like are gone into in detail, and the course of the 
timoer is traced from its reception to its delivery in its converted state. We could 
not desire a more complete or practical treatise."— ^wi/d2fr. 

" We highly recommend Mr. Bale's work to the attention and perusal of all those 
who are engaged in the art of wood conversion, or who are about building or re* 
modelling saw«mills on improved principles." —Building News. 

" Will be found of much value by that special class of readers for whose informa- 
tion it is designed. We have pleasure in recommending the book to those aboul to 
construct or to manage saw-mills."— .<4 thenaum, 

C 
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MECHANICS, ETC. 
Turning. — -t — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Has- 
LUCK. Second Edition, thoroughly Revised, with a New Chapter 
on the Screw-cutting Lathe. Crown 8vo, 5j. 

Turning. 

THE METAL TURNER'S HANDBOOK : A Practical Manual 
for Workers at the Foot-lathe. By Paul N. Hasluck. With 
over lOO Illustrations. Crown 8vo, u., cloth. 
•," Tht tibcrt'tfomu tkejirst tv/«w^<»/"Hasluck's H andbookson Handicrafts. 

Otfur yolumes in preparation. 

Mechanic s Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit, with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 
" Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workyhop, as we can testify j and there are a great many 
men who, in a great measure, owe their rise in life to this little work." — BuiUiing News. 

Engineers a^id Machinist' s Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT; comprising a CoUection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2x. 6f/. 

Smith's Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHAINCS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and arranged by Francis Smith. 
240 pp. Waistcoat-pocket size, is. 6</., limp leather. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M.I.CE. i2mo, 9^., half-bd. 

Sii^perficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to Joo inches in length, 
by I to 108 inches in breadth. By J. Hawkings, Fcp. Jj. 6d. cL 

The High-Pressure Steam Engine. 

THE-HIGH-PRESSURE steam engine. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F. R. S. Plates. 8 vo, 1 6f . 6^. , cloth. 

Steam Boilers, 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. WiLSON, C.E 
Fifth Edition. i2mo, 6j., cloth. 
(The best treatise that has ever been published on steam hoi\tTs]*^£MgiMeer. 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems^ &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and S3^tems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E,, Author of "Aid to Survey Practice," &c. 
Large Crown 8vo, its, 6d, cloth. 

Gregorys Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Pxoperties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R.A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo. i/. u. cloth. 

Mathematics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis C ampin, C.E. i2mo, 3^. (yd, cloth. 

Geometry for the Architect^ Engineer,^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. ByE. W. Tarn, M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9^. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne, Coloured Plates. 
Crown 8vo, 3^. 6d. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DoWLiNG, C.E. 2nd Edit., revised and enlarged. 8vo, los, (>d, cl. 

Inwood's Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
fened Annuities, &c. By William In wood. 21st edition, with 
Tables of Lc^rithms for the more Difficult Computations of the 
Interest of Money, &c. By M. Feddr Thoman. i2mo. 8j. cloth. 
'* Those interested in the purchase and sale^ of estates, and in the adjustment of 

compensation cases,^ as well as in transactions in annuities, Ufe insturances, &C., will 

find the present edition of eminent ^Krnxx.y—Enginiering. 
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Weights, Measures^ and Moneys. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS. 
Entirely New Edition, Revised and Enlarged. By W, S. B. 
WoOLHOUSE, F.R.A.S. i2mo, 2j. 6</. doth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discoimt, Annuities, &&, in all their Applications and 
Uses for Mercantile and State Purposes. By FiDOR Thoman, 
of the Society Credit Mobilier, Paris. 3rd Edit, l2mo, \s. 6d, cL 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from \s, per cwt. to rizr. per 
cwt., and from one farthing per lb. to is, per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Downie. 396 pp., 9^., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters ; 
Civil, Mechanical, and Mining Engineers ; Architects, Builders, &c 
By Charles Hoare. Eighth Edit. Oblong 32mo, 6j., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR , being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
•consisting of a single addition, will afford an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
-Correctness and promote Despatch. By Henry" Harben, 
Accountant New Edition. Royal 8vo, i/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by whidi 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that wiU realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from i^ to 90 per cent., Tables of 
Discount from i^ to 98} per cent., and Tables of Commission, &c., 
from I to 10 per cent. By H. Harben, 8vo, i/. 51., half-bound, 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5^. doth. 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing fuU instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George £. Gee. 
Second Edition, enlarged. i2mo, 3^. dd, cloth. 
** The best work yet printed on its subject for a reasonable price." — yeweller. 
** Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply." — English Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 3^. 6^^. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study it." — English Mechanic. 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall* 
Marks at the various Assay Ofl&ces ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5^. cloth. 

Electro-Platings &c. 

ELECTROPLATING I A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

*'Any ordinarily intelligent person may become an adept in electTO-depositioi» 
with a very little science indeed, and this is the book to show the -vny**— Builder, 

Electrotyping^ &c. 

ELECTROTYPING : The Reproduction and Multiplication of 
Printing Surfaces and Works of Art by the Electro-deposition of 
Metals. By J. W. Urquhart, C.E. Crown 8vo, 5J. clQth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron, 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c Eighth Edition, Revised, including the most recent Pro- 
cesses. i2mo, 3 J. dd.y cloth. 
"From this book both amateur and artisan may learn everything necessary foi 

the successful prosecution of electroplating." — Iron. 

" A practical treatise for the use of those who desire to work in the art of electro* 

deposition as a business."— i?»^/ij/i Meclianic. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the rarioos kinds of Artificial Dentures. Com- 

f arising also Useful Formulae, Tables, and Receipts for Gold 
'Ute, Clasps, Solders, etc, etc By Charles HuNTKR. Second 
Edition, Rerised. With over lOO Engravings. 71. ^tL^ doth. 
" An authoriuttivc treatiste, which we cam strongly recommend to all students."'— 
Dublm Jeumal »f MtdUml Scuncg, 

Electricity. 

A MANUAL of ELECTRICITY; induding Galvanism, Mag- 
netism, Diamagnetism, £lectro-D3mamics, Magneto-EIectricitj, and 
the Electric Telegraph. Bt Henry M. Noad, Ph.D.» F.C.S. 
Fourth Edition, with ^00 Woodcuts. 8yo, l/. 41. doth. 
*' Tb« accounu ^ven of electndty and galTanism are not only complete in a •^*i*t''^ 
sense, but, which u a rarer thing, are popular and interestiag. — ' — ^* 



Text-Book of Electnaty. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c New Edition, Revised. 
>\'ith an Introduction and Additional Chapters by W. H. Prsece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&c With 470 Illustrations. Crown 8vo, izr. €d. cloth. 
*' A reflex of the existing state of Electrical Science adapted for students."— 
W. H. I*rcecc, Esq., vide "Introduction.'' 

" We can recommend Dr. Noad't book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indts- 
peniable. " — A tfuna um. 

** An admirable text-book for every student — beginner or advanced— of electridty." 
^'Eniinttring. 

"Under the editorial hand of Mr. Preece the late Dr. Noad's text- book of 
tridty has grown into an admirable handbook."— ^M/Mf>i«/rr Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E. 
Edited by F. C. Webb, M.I.C.E., M.S.T.E. 2nd Edition, Re- 
vised, with Large Additions and 128 Illustrations. 7j. dd. cloth. 
"The book is by far the best that we have yet met with on the subject.** — Athetutum, 

Lightning. 

THE ACTION of LIGHTNING, snd the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Major Arthur Parnell, R.E. i2mo, *js. 6d. cloth. 

' Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his Arguments by a patient and almost exhaustive citation 
of the best writers on the subject in the Englisn language." — Atherututn, 

" Major Pamell's measures are based on the results of experience. A valuable 
repertoire of facts and principles arranged in a scientific iorvBu^^BuildiHg News. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, including a Series of Easy Lessons in the Construc- 
tion of Apparatus, and the Best Methods of using them. By 
Lieut.. Col. W. A. Ross, R.A., F.G.S. 

[In the press. 
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The Alkali Trade — Sulphuric Acid^ &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer. With 232 Illus* 
trations and Working Drawings, and containing 386 pages of text. 
Super-royal 8vo, 2/. I2j. dd, cloth. 

This work provides (t) a ContfleU Handbook for intending Alkali and Sulphuric 
Acid Manujacturers^ and for those already in the field who desire to improve their 
plant f or to beconte practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands ^ 
their Managers and Foremen as a us^ul guide in their daily rounds of duty. 

Synopsis op Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogeu Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the Noxious Vapours Ques- 
tion— 'VI. The Hargreaves' and Jones' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonatmg or Fmishing — X. Soda 
Crystals — XI.' Refined AlkaU — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has given the fullest^ most practical, and, to all concerned in the 
alkali trade, most valuable mass of mformation that, to our knowledge, has been 
published in any language." — Engineer. 

" This book is written by a manufacttirer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 233 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everythine which tends to introduce economy into 
the technical details of this trade receives the fullest attention." — Athenceum. 

**The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explajiation of the chemical principles^ of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological ZMy^mct,^*— Chemical Review, 

Soap-making. 

THE ART OF SOAP-MAKING, A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c Including 
many New Processes, and a Chapter on the Recovery of Glycerine 
from Waste Leys. By Alexander Watt, Author of '* Electro- 
Metallurgy Practically Treated," &c. With Numerous Illustra- 
tions. Crown 8vo, 9J., cloth. \jftist published. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy. New Edition. 
Enlai^ed, and to a great extent re-written, by Henry M. Noad, 
Ph.D.,F.R.S. With numerous Illustrations. Cr. 8vo, 1 2^.6^. doth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it as a guide, alike 
indispoisable to the housewife as to the pharmaceutica] practitioner. "—ilftMftas/TViMM. 

" Essential to the analysts appointed under the new Act. The most recent remilts 
are given, and the work is well edited snd carefully written." — Naiurt, 
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Dr. Lardnet^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natnral Phi- 
los>ophy and Astronomy in University Coll^:e, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ u., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IJ. 6</. * 

OPINIONS OF THE PRESS. 

*' This »eric», besides Affording popular but sound instruction on scientific subjects, 
with which the humblest man iu tlie country ou|;ht to be acquainted, also undertakes 
that teachinK of 'common things' which every well- wisher of his kind is anxious to 
promote. Alany thousand copiex of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction aud improvement widely pre- 
vails : and we have no fear tliat such enlightened faith will meet with disappoint- 
ment** — Times. 

" A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance aud great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator. 

"The 'Museum of Scieme and Art' it the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Btrwster in tht North British Rer'iew. 

*' VVhether we consider the liberality and beauty of the illustrations, the charm of 
the writiiit;, or the durable interest of the matter, we must express our belief that 
there is luirdly to be found among the new books, one that would be welcomed by 
people of to many ages and classes as a valuable ^Tcscnu"— Examiner, 

%• Separate books formed from the above^ suitable for WorkmetCs 

Libraries^ Science Classes^ 6r*c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
"Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Illustrations, cloth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2s, 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c 182 Illustrations, 4r. 6ct. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2J. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 
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Dr. Lardner^s Handbooks of Natural Philosophy. 

•«• The following five volumes, though each is Complete in itself, and to be Pur- 
chased separately, form A Complete Course of Natural Philosophy, attdare 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science, without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the autlior's aim to supply Manuals such as are required oy 
the Student, the Engineer, the Artisan, ana the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 
"The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the appUcation of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 

New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post 8vo, 5^. cloth. 
'* For those ' who desire to attain an accurate knowledge of physical sdence with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post 8vo, 6s, cloth. 
*' The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurlung doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Po.st 8vo, 5j. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
HXn'StnxciL'*— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to an^ one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brining up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.CL. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In i vol., small 8vo, 
550 pages, 9 J. 6^., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenaum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — ^but at 
the same time correct — acquaintance with this sublime science."— <2««r/^r^ Joumal 
of Science, 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 7j. 6d, 
" We have no hesitation in cordially recommending it,**-^Educational Timet, 
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Dr. Lardnet^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lasdnkr. 
328 niostrations. Sixth Edition. I voL 3/. 6<^ doth. 

in dear aad predae tenns, generml Dodoitt of aU the principal dimioiis 
cience."— ^rt/uA QmmrUHy Rtvitw, 

flM AL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnkr. 
With i^ lUastrations. Second Edition. I voL ys. 6d, doth. 
"Qenrly wntteQ,wdl arranged, and excellently illustrated. " - Cmr dtngr^ CkrtmicU. 

Dr. Lardnet^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, £r. 6^. doth. 
** One of the mott readable books extant on the Electric Tdegraph."— ^my . Mtckatnc 

Molltisca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.,F.G.S. Withnomer- 
oos Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7^. 6d, doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8yo, 5x. cloth. 

*' a valuable contribution to the evidences of revelation, and disposes verv condu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed."— T'Ar Rock^ 

Geology. 

GEOLOGY, PHYSICAL AND HISTORICAL: Consisting 
of ** Physical Geology," which sets forth the Leading Prindples of 
the Science ; and ** Historical Geology," whidi treats of the Mineral 
and Organic Conditions of the Earth at each successive epoch, especial 
reference being made to the British Series of Rocks. By Ralph 
Tate. With more than 250 Illustrations. Fcap. Svo, 5^. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M. A., late Fellow of Trin. ColL, Camb. i8mo, 51. d. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lOf. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth E^tion, crown 
8vo, doth, with separate Atlas of 12 Plates, I2x. complete. 



Dye- 
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Clocks^ Watches ^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlai^ed. Limp cloth 
(No. 67, Weale's Series), 4r. 6^.; cl. bds. Jj. (id, 

"The best work on the subject extant. The treatise on bells is undoubtedly 
the best in the \»xifsiaai%t,**— Engineering. 

"The only modem treatise on dock-making." — Horological JoumaU 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Second Edition, revised, with 
Additions. i2mo, 31. cloth boards. 
"The amateur builder \(^1 find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own haxn^"—AccuLemy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 31. dd, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser, 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer, 

?- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J, 
W. Slater. Second Edition. Crown 8vo, *js, 6d, cloth. 

" A complete encyclopaedia of the materia tinctoria." — Chemist and Drufgist, 
" The newest resources of the dyer and printer are noticed with completeness, 
accuracy, and clearness." — Chemical News. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, y, 6d, cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d, bound. 
" The book will be usefully studied by all those who imitate woods and marbles, 
as a compr^ensive guide to the art" — Building News, 

Pictures and Painters. 

THE PICTURE AMATEUR^S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, the Principal Schools of 
Painting. With Notes on Copyists and Imitators of each Master. 
By Philippe Daryl, B.A. Cr. 8vo, .v. cloth. 

" A really admirable dictionary of painters, which we cordially recommend."-* 
Builder. 

"A guide to the authorship, quality, and value of a picture, and furnishes the 
fundamental knowledge necessary to amateurs." — Saturday Review.\ 
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DelamotUs Works on Illumination & A Iphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela« 
MOTTK. Small 4to, 9/. Elegantly bound, cloth antique. 

*' The examples of ancient MSS. reccmimended to the student, which, with much 
^ood sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as taste." — Athtiutum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c Collected and engraved by F. Delamotte, and 

printed in Colours. Tenth and Cheaper Edition. Royal 8vo, 

oblong, 2s, 6d, ornamental boards. 

" For thoke who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church wails with pithy sentences from the 
Decalogue, this book will be \x&c{\iL'*—A(Aefuntm. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

** l*here is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be (ontieAJ'—^taMdartL 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6j. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Popular Work on Painting, 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 5 j. 6df. cloth. 
%* TTiis Work has been adopted as a Prize^book in the Schools of 
Art at South Kensington, 
Contains a large amotmt of original matter, agreeably conveyed."— -ffwiWw. 
** Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of tliis unpretending butcomprehensivetreause."—w4r/y(0«ma/« 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 

Hints on Design. By A Lady. In emblematic wrapper, hand- 

somely printed, with Ten large Plates, 2j. (id, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— ^/A^»<r»m. 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. u. half-bound. 

•* The stand^d and text-book, with the fanner and grazier." — Farmer's Magazine. 

" A treatise which will remain a standard work on the subject as long as firitisJi 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distribu- 
tors, etc. By John Ewart. Cr. 8vo, 5j. cloth. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. The Laying Out and Cultivation of 
Farms adapted to the produce of Milk, Butter and Cheese, Eggs, 
Poultry, and Pigs. By the late Prof J. Donaldson. With 
Additions, by R. ScOTT Burn. 4J. cloth. 

English Agriculture. 

A TEXT-BOOK OF AGRICULTURE (THE FIELDS OF 
GREAT BRITAIN), adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). i8mo, 2s. 6d. cloth. 

** A clearly written description of the ordinary routine of English fiarm-life."— >Za«^. 
"A most comprehensive volume, giving a mass of 'vaiorvmi.'dQXi.'*— Agricultural 

[Economist, 

Modern Farming. 

OUTLINES Ot MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry—Utilisation of Town Sewage, Irrigation, &c. Sixth 
Edition. In I voL 1250 pp., half-bound, profusely illustrated,, izr. 

Farm Engineering. 

FARM ENGINEERING, comprising Draining and Embank- 
ing ; Irrigation and Water Supply ; Roads, Fences, and Gates ; 
Farm Buildings ; Bam Implements, etc. ; Field Implements, etc ; 
Agricultural Surveying, Levelling, etc. By Prof. John Scott. 
About 1300 pages, with Several Kuidred Illustrations. 
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The ^[anagcment of Estates. 

LANDEI* ESTATES MAXAGEMENT: Trealii^ of the 
Varieties of Lands Methods of Farming, Fann Baildin^IrrigatioD, 
I>nunage, i^c Wy K. ScoTr Burn. 121110, 3^. cloth. 

*' A «,- impVte an 1 comprehensive oot'tne of the duties a{^>eitaimiig to the manage- 
aient of UndcU euaiev" — 'Ji'umal ^ Ffrrstrj, 

The Management of Parffis, 

OUTLINES OF F.\RM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treatinf^ of the General Work of the Farm, 
Fielci. and Live Stock, Details of Contract Work, Specialties of 
I^ljour, Kconomical >Ianagement of the Farmhoose and Cottage, 
I » >mcstic Animals, ^:c. By Robert Scott Burn. i2mo, jx. 

Mana<:^etnent of Estates and Farms. 

I.ANDin ESTATES AND FARM MANAGEMENT. By 
K. >:« »i T lU RN. (The above Two Woiks in One VoL) 6s. 

I/udsons Tables for La^id Valuers. 

THE LAND VALUER'S BEST ASSISTANT; being Tables, 
on a very much improved Plan, for Calculating the Value of 
Evtaies. With Tables for Reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 32m3, leather, gilt edges, elastic band, 4J. 

Eivarfs Land Improver's Pocket-Book. 

THE L\NI) IMPROVER'S POCKET-BOOK OF FOR- 
MUL.K. TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, l^and Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 71. 6d, 
"We consider Hudson's boolc to be ihe best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Kwart's work greatly enhances the value and usefulness of the latter-mentioned. — 
It is most useful as a manual for reference." — North of Englatui Farmer. 

Graftmg and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 31. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafdog, Training, Restoration 
of Unfruitful Tress, &c. From the French of Du Breuil. Fourth 
Edition, revised. With an Introduction by George Glenny. 4r.cl. 
" The book teaches how to prune and train fruit-trees to perfection."— ^i^^ 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2J. cl. 
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Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, La3dng-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, 5^. cloth. 

" A very good book, and one to be highly recommended as a practical guide. 
The practical directions are excellent " — Athetueum. 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING ; or. How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
W^OOD. 3rd Edition, revised. Cr. 8vo, 2s. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
^gentleman's gardener, but to the market gfrower." — Gardener's Magazine, 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3^. (id. 

Bttlb Culture, 

THE BULB GARDEN ; or. How to Cultivate Bolbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J. dd, cloth. 

Tree Planting, 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2j. (id, cloth. 

Tree Pruning, 

THE TREE PRUNER : ATractical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. 6^/., cloth. 

Tree Planting, Pruning^ & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5^. half-S)und. 

Early Fruits, Flowers and Vegetables, 

THE FORCING GARDEN ; or. How to Grow Early Fruits 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown Svo, 3^. dd. 

Market Gardening, Etc, 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to ** The Garden.'* Compiled by C. W. Shaw, Editor 
of ** Gardening Illustrated." i2mo, y, 6d. cl. bds. 

Kitchen Gardening, 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and layout the ground, the best means of cultivating every 
known Vegetable and Herb, &c. By G. M. F. Glenny, 12 mo, 2s, 



y» WORKS PUBUSHED BY- CROSBY LOCKWOOD & CO. 

'A Complete Epitome of the Laws of this Country.* 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barsjstek. New Edition, 
with Notes and References. Corrected to the end of last Session. 
Embracing upwanls of 3.500 Statements on Points of Law. 
Crown Svo, price ts, &/. (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 

ANDCOMMKRCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 

1-AW, GAMK AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF 



Hamkrittcy— Bills or Exchakgb — 

CoitTBACTS AND ACKKBMKNTS — COPY- 
KIGHT— DOWFR AND DiVORCB — ELEC- 
TIONS AND Kl'.CISTRATION — InSURANCB 

— LiBBL AND Si^NDBR— Mortgages— 
Also Law for Landlord and Tenant — 
Master and Servant— Workmen and Ap- 
prentices— Heirs, Devices, and L^:a- 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — • 
Married Women and Infants — Partners 
and iVgent% — Lender and Borrower — 
Debtor and Creditor — Purchaser and 



" No Knkili'^bnian DU^ht to be without this book." — Engineer, 



Sbttlbmknts — Stock Exch angb Pkac- 
TicB— Tbadb Makks and Patsnts-^ 
Trbsfass, Nuisances, btc—Tkansfxx 
or Land, etc. — Warkakty^ Wills 
AND Agreements, etc 
Vendor — Companies and Associarions 
—Friendly Societies — Qeryymen, Churcb- 
wardens — Medical Practmooers, &c. — 
Bankers — Fanners — Contractors — Stock 
and Share Brokers — Sportsmen and Gauoie- 
keepers — Farriers and Horse-Dealers— 
Auctioneers, Hoose-Agents — Innkeepers, 
&c. — Pawnbrokers^— Survejrora, flte., &c. 



What It professes to be a complete epitome of the laws of this conntry^ thoroughly 
intelligible to non-professional readers, llie book is a handy one to have in readiness 
when some knotty point requires ready solution.'* — Beir* Life, 

IIozo to Invest, 

HINTS FOR INVESTORS. Being an Explanation of the Mode 
of Transacting Easiness on the Stock Exchange, etc. By Walter 
M. Play FOR I), Sworn Broker. Crown Svo, 2J. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property genoally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C NoRRis. Royal 32mo, dodi, 51. 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, los. 6d. doth. 

" The position and duties of auctioneers treated compendiously and dearly.**— 

House Property. \Butider. 

HANDBOOK OF HOUSE PROPERTY : the Purchase, Mort- 
gage, Tenancy, and Compulsory Sale of Houses and Land ; the 
Law of Dilapidations, &c. By E. L. Tarbuck. 3rdEdit 3J. 6</. 

*' We sure glad to be able to recommend it.*' — BuiUUr, 

" The advice is thoroughly practicaL**— iSow youmaL 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses^ 
&c By Edward and A. L. Ryde. 8vo, I2x. dd. cloth. 

Bxadlmry, Agnsw, * Oo., Frlnten, Wtaltefiriaxi, London. 
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S SERIES includes Text-Books on almost everj branch of 
Science and Industry, comprising such subjects as Agriculture. Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanicr' 
Engineering, Physical and Chemical Science, and many miscellaneot 
Treatises. The whole are constantly undergoing revision, and new edition: . 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are Bold are as low as tbeir encelleQCH "" 
assured." — American Literary Gaatlte. 

" Amongst the literature of technical education, VVeale's Sekies has ei 
enjoyed o high reputation, and the additions being made by Messrs ChOsby 
LocKWOOD Si CO. render the series even more complete and bnng the lafor 
motion upon the several subjects down to the present time — Uinifig 
^tmrnal. 

" It is impossible to do otherwise than bear testimony to the value of 
We ale's Series."— Engineer. 

"Everybody — even that outrageous nuisance ' Every Schoolboy — knows 
the merits of ' Weai-e's Rudimentary Series.' Any peraons wishing tc 
acquire knowledge cannot do better than look through Weales Series and 
get all the books tliey require. The Series is indeed an inexhaustible n- — 
of literary wealth,"— 7" Ae Metropolitan. 

"WEALE'S SERIES has become a standard as well as an unnvalled 
collection of treatises in all branches of art and science —I'ubUc Opuv 

LONDON, 1862. 
THE PRIZE MEDAL/a 
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WEALE*S RUDIMENTARY SERIES. 



WEAL£*S EUDIMEHTAET SCIENTIFIC SEBIES. 
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•»• The \-olumes of this Series are freeW Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; iuf the volumes marked 
xctthaX may aUo be had strongly bound in cloth boards forbid, 
extra, 

N.B.^ln ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers'affixed to the volumes, as well as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, KTC. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.n.A., and G. R. Burnbll, C.E. Revised Edition. With ». New 
Appendix on the Qualities of Water. Illustrated. 2S. 

35. THE BLASTING AND QUARRYING OF STONE, for 

liuilding and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynk, Bart., K.C.B. Illustrated, is. 6d. 

44. FOUNDATIONS AND CONCRETE ^(9i?ir5, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I.B.A., 8cc. Fifth Edition, revised, is. 6d. 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modem Improvements. By T. Baker, C.E. New Edition, 
vcvised by Edward Nugent, C.E. Illustrated with Plates and Diagrams. 2s.t 

«0*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for xai sing Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.]: 

117. SUBTERRANEOUS SURVEYING, an Elementary and Pracr 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.1: 

203, JSANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising::— I. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slago, Assoc. M. Inst. C.E. Second Edition, revised and enlarged. 35.$ 

212, THE CONSTRUCTION OF GAS-WORKS, and the Manu- 
facture and Distribution of Coal Gas. Originally written by Sajiuei. 
Hughes, C.E, Sixth Edition, re- written and much enlarged by William 
Richards, C.E. .With 72 Illustrations. 4s. 6d.t 

7 he t indicates that these vols, may be had strongly bound at dd. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Civil Engineering, Surveying, etc., continued, 

213. PIONEER ENGINEERING, A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.J 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 35.* 

219. CIVIL ENGINEERING. By Henry Law, M.Inst' C.E. 
Including Hydraulic Enginkering by Geo. R. Burnell, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnear Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, is. 6d. 

82. THE POWER OF WATER, as appHed to drive Flour Mills, 
and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as appHed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 3s. t 

165. IRON AND HEAT, exhibitmg the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace, By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. ByJ.MAXTON. 5th Edn. With 7 Plates and 350 Cuts. 3s. 6d.t 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. By John Sewell and D. K. Clark, M.I.C.E. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams, 
With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c. — by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. EditedbyD.K. Clark, C.E. 100 Illustrations. 2S. 

217. SEWING MACHINERY : Its Construction, History, Sec, with 
full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. as.t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 
Boiler- Yard. By Francis Campin,'C.E. 3s.t 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

CoachSmithing. By W. J. E. Crane. Illustrated. 2s. 6d,t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane, is. 6d. 

li^^ The t indicates thai these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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MINING, METALLURGY, ETC. 

4. MIXER ALOGYy Rudiments of; a concise View of the Properties 

ofMinrrals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 
17. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
. Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

33. METALLURGY OF COPPER ; an Introduction to the Methods 
of Scekinfc. Mininf^, and Assayings Copper, and Manufacturing^ its Alloys. 
By Robert H. Lamborn. Ph.D. Woodcuts. 2s. 6d.t 

35. ELECTRO-METALLURGY ; PracUcally Treated. By Alex- 
ander Watt, F.R.S.S.A. Eighth Edition, revised, with additional Matter 
and Illustrations, including the most recent Processes. 3S.t 

72. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 

2». MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 68. 

76. METALLURGY OF IRON. Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron aifd Steel, Sec. By li. Baubrman, F.G.S. Fifth Edition, 
revised and enlarged. 5s.t 

80. COAL AND COAL MINING. By Warington W. Smyth, 

M.A., F.R.S. Fifth Edition, revised. With numerous Illustrations. 3s. 6d.t 

95. THE MINERAL SURVEYOR AND VALUER'S COM^ 
PLKTE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Vsduing Mineral 
Properties, By William Lintern, Mining and Civil Engineer. 3s. 6d.# 

214. SLATE AND SLATE e^-<4/?^iVA^<^, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. 3s.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY^ 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By W. Lintern. 2s. 



No. ARCHITECTURE, BUILDING, ETC. 

16.* ARCHITECTURE— ORDERS— ThQ Orders and their -Esthetic 
Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES— ThQ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., 8cc. Illustrated. 2s. 
*»* Orders and Styles of Architecture, in One Vol., 3*. €>d. 

18. ARCHITECTURE— DESIGN— T\it Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. ByE.L. Garbett, Architect. Illustrated. 2s.6d. 

%• The three preceding Works ^ in One handsome Vol., half bounds entitled 

"Modern Architecture," /rri?^ 6j. 

22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s.t 

25. MASONRY AND STONECUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridge's, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., 8cc. 2s. 6d.t 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustration?, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, 8cc. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 

The % indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON: CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued. 

57. WARMING AND VENTILATION An . Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, See, By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 

III. ARCHES, PIERS y BUTTRESSES, dfc: Experimental Essays 
on the Principles of Construction. By W. Bland. Illustrated, is. 6d. ^ 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound aoplied to the purposes of the,Architect and 
Builder, l^y T. Roger Smith, M.K.I.B.A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS — THE ARCHITECTURE OF MARCUS 

l^ITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F^S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Prmciples 
of Beauty in ; with an Historical View of the Rise and Progress of the Axt in 
Greece. By the Earl of Aberdeen, is. 
•#• The two preceding Works in One handsome Vol,, half hound, entitled "AlNCIEnt 

Architecture," price 6s. 

132. THE ERECTION OF DWELLING-HOUSES. Illustrated by 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, &c. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', Carpenters', and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCK WOOD dr* CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest Prices of all kinds of Builders' Materials 
and Labour, and of all Trades connected with Building, &c., 8cc. Edited 
by F. T. "W. Miller, Architect. Published annually. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND yoiNERY— The. Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.| 

i82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s, 6d, 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, 8cc. By Richard Horton. Fourth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : containing full information on the Processes of House-Painting, 
the Practice of Sign-Writing, the Principles of Decorative Art, a Course of 
Elementary Drawing for House-Painters, Writers, 8cc., 8cc. With 9 Coloured 
Plates, and nearly 150 Wood Engravings. By Ellis A. Davidson. Third 
Edition, revised. 5s. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting 
Pointing; Paving, Tiling, Materials; Slating ana Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage. Fourth Edition. 
With 330 Illustrations. By W. P. Buchan. 3s. 6d.t 



The X indicates that these vols, may be had strongly bound at 6d. extra* 
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Architecture, Building, etc., continued. 

192. TIJE TIMBER lAfPORTER'S, TIMBER MERCHANTS^ 
and BUILDER'S STANDARD GUIDE. By Richard E. Grandy. 
Second Edition, Revised, js.t 

206. A BOOK ON BUILDING, CivU and Ecclesiastical, including 
CHfRcii Rrstoration. With the Theory of Domes and the Great Pyramid, 
&c. Bv Sir Edmund Bkckbtt, Bart., LL.I)., Q.C, F.R.A.S. 4s. 6d.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Fnpneerinjf and Architectural Works. By 
WyvillJ. Christy, Architect. AVith upwards of 160 Engravings on Wood. 35.$ 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). By E. Wyndham Tarn, M.A., Architect. 
Second edition, revised and corrected, is. Cd. 

229. ELEMENTARY DECORATION : as applied to the Interior 

and Exterior Decoration of Dwelling-Houscs, 8cc. By James W. Facev, Jun. 
llIu«;tratod with Sixty-eight explanatory Engravings. 2s. 

230. IIANDRAILING (A Practical Treatise on). Showing New and 

.Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
lievelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, xs. 6d« 

247. BUIL DING ESTA TES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and General Management of Building Land, including 
the Formation of Streets and Sewers, and the Requirements of Sanitary 
Authorities. By Fowler Maitland, Surveyor. Illustrated. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Second Edition, corrected. Illustrated. 2s. 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
James Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d.t 

S3*. SHIPS FOR OCEAN ANDJRIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
feldt. Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 

S3**. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes. 8cc., relative to every class of vessels. By Robert 
Kipping, N.A. Fifteentn Edition. Illustrated. 2i.% 

S4*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navip^ation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By James Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals ; the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
.Storms ; and a Brief Dictionary of Sea Terms. With Coloured Plates of 
Flags, &c. New, and enlarged edition. By W. H. Rossbr. 2s. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 
80. MARINE ENGINES, AND STEAM VESSELS. By Robert 

MuutAT, CJB. Eiglitfa Edition. [In ^paraium. 

%lhis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles r^fnlating^ Ship-boildtni^. By W. 
Blaxd. Seventh Editi on, revised, with nnmeroos Dlostrations and Models.xsj6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theoiy 
and Practice. By Prof. J. R. Youxg. New Edition, including the reqoisite 
Elements from the Nautical Almanac for working the Problems. 2s. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c., fro. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, NJL, 
Sailmaker, Quayside, I'^wcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engikber. Revised by D. 
F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 
& Sea-Book. By James Greenwood and W. H. Rosser. Toother with 
20J. ^^^ requisite Mathematical and Nautical Tables for the Working of the 
T" Problems. Bjr Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half*bound in leather. 



AGRICULTURE, GARDENING, ETC. 

6i^. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND, including Tables showing the price of work from 2s. 6d. to j^z per 
acre, and other useful Tables. By Abraham Arman. Second Emtion, 
corrected and extended by C. Norris, Surveyor, 8cc. as. [Just published, 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER* With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol.2. OuTUNES OF Modern Farming.) By R.Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNEs OF Modern Farming.) By R. Scott Burn. Woodcuts. 28, 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunbs 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
*4,* Nos, 140-1-2-5-6, tn One Vol., handsomely half-bound, entitled " Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Geo. Glenny. 187 Woodcuts. 38. 6d.1: 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.4: 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.t 

The t indicates that these vols, may be had strongly bound at bd. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



8 WEALE*S RUDIMENTARY SERIES. 

Agriculture, Gardening, etc, continued. 

207. OU TUXES OF FARM MANAGEMENT, and the Organs 

tattcM of Farm Labour: Treating of the General Work of the Farm ; ^eld 
and Lire Stork; Details of Contract Work; Specialities of Labour, 8cc.y &c. 
Hv KoBKir ScoTr Blrn. as. 6d.7 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating; of the Varieties of Lands, Methods of Farming, Farm Boildings^ 
Irrigatiun, Drainage, &c. By K. Scott Burn. 2s. 6d.t 
•«• AV». f07 S^ 208 t'n One I'o/., handsomely half-bound^ eniUled " Outlinks of 
Laxdbo Kstatks and Farm Managbubnt." By R. Scott Burn. Price 6f. 

209. THE TREE PLANTER AND PLANT PROPAGATOR, 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, ^c. By Samubl Wood. 2s.t 

210. THE TREE PRUNER, A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning^ 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. 2s,X 
%• Nos. 209 6- 210 in One Vol.^ handsomely half-bound, entitled **Thb Trkb 
Plantbr, Propagator, and Prunbr." By Samubl Wood. Price 5*. 

218. THE HA Y AND STRA TV MEASURER : Being New Tables 

for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c.^ 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steblb. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farm^, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs, ity Prof. John Donaldson and R. Scott Burn. 3s. 6a.t 

231. THE ART OF GRAFTING AND BUDDING. By CHARLES 

Balirt. With Illustrations. 2S. 6d.t 

232. COTTAGE GARDENING ; or, FJowers, Fruits, and Vegetables 

for Small (iardens. By £. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

234. THE KITCHEN AND MARKET GARDEN. By Con. 

tributors to " ITie Garden." Compiled by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. 3s. ♦ 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGATION AND WATER SUPPLY. A Treatise on Water 

Meadows, Sewage Irrigation, Warpinp, 8cc. ; on the Construction of Wells, 
Ponds, and Reservoirs ; and on Raismg Water by Machinery for Agricul- 
tural and Domestic Purposes. By Professor John Scott. With 34 Illustra- 
tions. IS. 6d. 

^41. FARM ROADS, FENCES, AND GATES. A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

ijust published. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
including Plans and Estimates. By Professor John Scott. With 105 Illus- 
trations. 2s. {Just published. 

•»• Nos. 239 to 242 form pari of Scott*s " Farm Engineering Text- Books.*' The 
following Volumes, completing the Series, are in active preparation : — 

Barn Implements and Machines. | Field Implements and Machines. 
Agricultural Surveying, Levelling, 8cc. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 

are concisely Explained. By J. F. Heather, M.A., of Uie Royal Military 

Academy, Woolwich. Original Edition, in x vol.. Illustrated, is. 6d. 

%* In orderingthe above , becarefuHo say, " Original Edition '* {.No. 32), to distin' 

guisk it from the Enlarged Edition in 3 vols. (Nos, 168-9-70.) 

y6. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of* Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M. A. With 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 21 «; Woodcuts. 2S. 

179. PROJECTION : Orthographic, Topographic, and Perspective. 

By J. F. Heather, M.A. [/« preparation* 

*»* The above three volumes will form a Complete Elementary Course op 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Tenth Edition, corrected, is. 6d. 
S4*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use. of 
Teachers and Unassisted Learners. By J. K. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
85*, Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S.. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. as. 6d4 

%* Sold also separately, viz. : — 
S8. Eucud, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Young. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By jAMES 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements 0/ Plane Trigonometry** in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by E. Nugent, C.E. Illustrated, is. 6d. 

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSH, F.R.A.S., &c. IS. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

105. MNEMONICAL LESSONS. — G^ohhtry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

The ± indicates that these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



lO WEALE*S RUDIMENTARY SERIES. 

Mathematics, Geometry, etc^ continued. 
136. ARITHMETIC^ Rudimcntaiy, for the Use of Schools and Sdf- 

lostmction. Bj Jambs Haddox, ilA. Revised bj A. Akmak. is. 6d. 
\yi. A Kmx to Haddo.x's Rl-dimixtaky Authmbtic. BjA. AjutAx. is. 6d. 

168. DRAIVIXG AXD MEASURING INSTRUMENTS. Indnd- 

in; — I. Instraments emplored in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and I^ans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A. Illustrated, xs. 6d- 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Aprparatus for producing cc^ies of Maps and Plans 
by t'hotorn^phy. By J. F. Heather, M.A. Illnstnited. is. 6d, 

17a SURVEYING AND ASTRONOMICAL INSTRUMENTS^. 
Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instnmients Employed in Astronomical Observa- 
tions. By I. F. Heather, M.A. Illustrated, is. 6d. 
•»• TIU abort three xsflumes form an enlargenunt of the Authot's original work, 
** Mathematical /nstrummts.** (See AV. 3* in ike Series.) 

x(A.^MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. ^ M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapiciity and accuracy. By Charles Hoarb, CJE. WiUi 9 
Slide Rule in tuck of co\-er. 2s. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNXH- 

TIES; with Tables of Logarithms for the more Difficult Computations <^ 
Interest. Discount, Annuities, &c. By FCdor Thoman. 4s.t 

199. INTUITIVE CALCULATIONS; or, Easy Methods of Perfonn- 
ing the Arithmetical Operations required in Commercial and Business Trans- 
actions ; with Full Explanations of £>ecimals and Duodecimals ; Tables, ftc 
By D. O'Gorman. Twenty-fifth Edition, by Prof. J. R. Yodkg. 3S.4: 

204. MATHEMATICAL T'./^^Z^^; for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logaritluns. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomv- By Professor J. R. Yodng. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSf and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition. 2s.t 

227. MATMEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. By Francis Campin, C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fo^vnes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. ToMLiNSON. Woodcuts. IS. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LINSON. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., 8cc. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 

7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the Greneral Prin- 

ciples of Magnetical Science, and the Purposes to which it has been allied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M . 
NoAD, Ph.D. With 165 Woodcuts. 3s. 6A.% 



The t indicates that these vols, may be had stronj^ly bound at 6d. extra. 
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WEALE'S rudimentary series. II 

Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.£., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMLiNSON. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tatk, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynne Lynn, B.A., F.R.A.S. 2S. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the ; a Guide to [Candidates for 
Employment in the Telegraph Service. By R. Bond. Fourth Edition. 
Including Questions on Magnetism, Electricity, and Practical Telegraphy, 
by W. McGregor. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8cc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's ** Rudiments of 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

1 84. College, Loud. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 



# Sold also in Two Paris ^ as follows :• 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I. — ^VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVlII. 3s. 



FINE ARTS- 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&41. GLASS. From the German of Dr. Gessbrt and Emanuel Otto From- 
BERG. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. "With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 

69-71. MUSIC ir* THE PIANOFOR TE. In one vol. Half bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Coloiir, Water-Glass, Tenapera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. 5S.I: 

186. A GRAMMAR OF COLOURING, applied to Decorative 
^ Painting and the Arts. By George Field. New Edition, enlarged and 
' adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagprams, 8cc. 3s.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

The X indicates that these vols, may be had strongly bound at td. extra. 
7, STATIONERS' HALL COURT, LUDGATK HILL. E.C. 
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INDUSTRIAL AND USEFUL ARTS. 

«3. BRICKS AND TILES, Rudimcntaiy Treatise on the Manufac- 
ture of; containtDflr an Outline of the Principles of Brickmaking^. By £dw. 
lH>ii50x. M.R.1.BJ\. With Additions by C TaiiLn«soN,F.R^ Illastrated, 3s.t 

67. CLOCK'S, WATCHES^ AND BELLS, a Rudimentary Treatise 
on. By JSir EoiirND Beckett, LL.D., Q.C. Seventh Edition, revised and cn- 
Urgrd. 4s. od. limp ; 5s. 6d. cloth boards. 

«3»». CONSTRUCTION OF DOOR LOCKS, Compaed from the 
Tapor* of A. C. Hobbs, and Edited by Charlbs Tomunson, F.R.S. With 
Additions by Robert Mallet, M.I.C.E. Ulus. as. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Makingr, Moulding, Tamin|r> Filing, Burnishing, 
lironzing, «tc. With copious Receipts. &c. By Walter Graham. zs.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badenoch. Illustrated with X2 full-page Engravings of Examples, xs. 

215. THE OOLDSMITIPS HANDBOOK, containing fuU Instruc 
tions for the Allojring and Working of Gold. By George £. Gee, ^s.X 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burqess. 2s. 6d.t 

225. THE SILVERSMITirS HANDBOOK, containing fuU In- 

structions for the Alloying and Working of Silver. By George E. Gee. }flX 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A.. Precentor of Ely Cathedral. Illustrated. 2s. (AX 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHJE- 
OLOGY, the FINE ARTS, &v. By Tohn Wbalb. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustratea. 5s. limp ; 6s. cloth boards. 

SO. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 38.* 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.t 

112*. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By.the Rev. Jambs Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING, With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Notices of the various 

Fields for Emigration, Hints on Outfits, Useful Recipes. &c. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion. By Major W. W. 
Knollys, F.R.G.S. With 163 Woodcuts. 3S.t. 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-orewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, 8cc. By An Old Housekeeper. 3s, 6d.t 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 
112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 
Oy M.D. III. Management of Health. By James Baird. I;j One Vol., 
^ strongly half-bound. 6s. 



112*. 



l^he X indicates that these vols, may be had strongly bound at 6d. extra, 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Proeress of the English Constitution. By 
William Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2S. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. 1 By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds.,^s.6d. 

48. Contiposition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcbam, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductory Primer, ^d. 



s, d. 

Fourth Standard . ..12 
Fifth „ ...16 

Sixth „ , . . i 6 

Lessons from the Bible. Part I. Old Testament, is. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young^ Children. By Rev. C 
Thornton Forster. is. 2d. *** Ox the Two Parts in One Volume. 2s. 



s, d. 

First Standard . .06 
Second „ . . o 10 

Third „ ..10 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

(.icndrn of Frrnch Nount. By G. L. Strauss, Pb.D. is 6d 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Enffinceringr, Mining, tec. By Alfred Elwbs. is. 6d. 

20. English-French Dictionary. By Alfred Elwes. 2s. 
25,20. French Dictionary (as above). Complete, in One Vol., 3s.; 
cloth bnan:», js. 6d. %• Or with the Grammar, cloth boards, 4s. €d. 

47. French and English Phrase Book: containing Ihtro- 

ductory I.e«son!i. with Translations, several Vocabularies of Words, a Col- 
lection of suiuble Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Series of Extracts, carefully culled from the 

mo^t approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Estekhazy, 

.S. A. Hamiiton. In Three Parts. Part I. German-French-English. 
Part II. Knglish -German-French. Part III. French-Gr€»rman-£ngiish. 
i%., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

Sc 39* Grammar (No. 30), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Cotuse 

of Kxcrcisos. By Alfred £!lwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and Frrnch Nouns are carefully noted down. By Alfred Elwbs. 
Vol. I. Italinn-EnKlish-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol, 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6s. 

55. Portuguese GramHiar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English- Portuguese Dicr 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[A/^early ready. 

HEBREW. 

46*. Hebrev^r Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrev^r and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. 

LONDON ; CROSBY LOCKWOOD AND£CO., 
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LATIN- 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian "Words which have their origin from the Latin, By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d.- 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by "W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Yirgilii Maronis ^neis. With Notes, Critical and Explanatory, 

hy H. Young. New Edition, revised and improved With copious Addi* 
tional Notes by Rev. T. H. L. Leary, D.C.L., ionnerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Books i.— vi., is. 6d. 

j»» Part 2. Books vii. — xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimonimenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Daviks, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

16*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2s. 
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GREEK. 

14. Greek Grammar, in accorilance with the Principles and Phflo- 

lojEit al Krscarcbcs of the most eminent Scholars of our own dav Bv Havs 
Claiiii Hamilton, is. 6d. 3' J **^^ » 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

Ihrir Si inaifi cations, Inflections, and Doubtful Quantities. By Hsnrt R 
IIamii TOM. Vol. I. Greek. English. 2s. 6d. ; Vol. 2. Enrfish-Greek. 2s. Or 
the 1 wo \ oil. in One, 4s. od. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17* One Vol., cloth boards, Cs. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with (icnealo^cal Vocabularies and Explanatory Notes, byH. Young. New 
Milition.with an inipr«iv«rd ami t-nlarped ."supplementary Vocabulary, by John 
H('T( III50N, M.A., of the Ilijrh School, Glasgow, is. 6d. 

2,3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 

N<itp< and a Geographical Rcj:ister, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian*s Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 
With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
I.BARY, M.A., D.C.L. 



Till Imad : I'art i. Books i. to vi.^ I8.6d. 

Part 2. Books vii. to xii., xs.6d. 
Tub Odyssby: Parti. Books i. to vt., is. 6d 

Part 2. liooks vii. to xii., is. 6d. 



Part 3. Books xiii, to xviii., is. 6d. 
Part 4. Books xix. to xxiv., is. 6d. 
Part 3. Books xiii. to xviii., is. 6d. 
Part 4. Books xix. to xxiv., aud 
Hymns, 2s. 



13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Iliaedo. From the Text of C. F. Hrrmann. Edited virith Notes, Critical 
and Explanatory, by the Kcv. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, Tlic History of, chiefly alter the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and. 
Explanatory, by T. H. L. Lrarv. M.A., D.C.L. 

Part X. Books i., ii. (I1ie Clio and £)utcn>e), 2s. 

Part 2. Books ill., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.-vii. ('l*he Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Ilecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 
30. >Eschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jamks Davibs, M.A. is. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davibs, M.A. is. 

40. Aristophanes : Acharaians. Chiefly from the Text of C H. 

Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book 1. is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W. Jkwitt. is. 6d. , , ^, ... 

43. Demosthenes. The Oration on the Crown and the Philippics, 

With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar d 
Brasenose Coll ege, Oxford, is. 6d. ^^^^ 
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